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Department of the Interior, 

Office of Chief Astronomer, 

Ottawa, Can., December 30, 19D&.'".''- 
W. F. KiNts, Esq., LL.D., •'.>;.•. 

Chief Astronomer, •'/•* 

Ottawa. -VX 

Sir, — I have the honour to submit the final report on ^Transpacific Longitudes' '•*" 
carried out under my charge. 

With me in the work was associated Mr. F. W. O. Werry, B.A., as observer, and 
he occupied Fanning and Norfolk islands. 

^rr. F. A. McDiarmid, B.A., attended to the clock exchange at Bamfield, Van- 
couver Island, with the observatory at Vancouver and the one at Fanning. He also 
computed all the transits. 

I occupied Vancouver; Suva, Fiji; Southport, Queensland; and Doubtless Bay, 
New Zealand, besides the observatories at Brisbane, Sydney and Wellington for per- 
sonal equation. 

I have the honour to be, sir. 

Your obedient servant, 

OTTO J. KLOTZ. 



KEPOIIT ON TRANSPACIFIC LONGITUDES BETWEEN CANADA AND 
AUSTRALIA AND NEW ZEALAND, EXECUTED DURING 

THE YEARS 1903 AND 1904. 

NOTES ON THE BRITISH PACIFIC CABLE. 

On December 31, 1900, articles of contract were made by Her Majesty's Govern- 
ment, Canada, New South Wales, Victoria, New Zealand and Queensland on the one 
part and the Telegraph Construction and Maintenance Company on the other, for the 
construction and laying of the Pacific Cable. 

The contract called for the completion of the whole cable on or before December 
31, 1902. The cable was finished two months earlier, and after undergoing the re- 
quired test of a month, entered upon its commercial career on December 8, 1902. 

Thus was the project, that had been advocated with persistence from some quar- 
ters for a quarter of a century, made an accomplished fact. The missing link of 
about 8,000 miles across the Pacific between Canada and Australia in the world's 
metallic girdle was now supplied. 

Before the cable was laid a survey was made of the route and the character, of the 
ocean bed examined. 

From the survey the number of miles (nautical) of cable required for the differ- 
ent sections was as follows: — 

From Vancouver Island to Fanning Island 3,654 

^* Fanning Island to Suva, Fiji 2,181 

*' Suva to Norfolk Island 1,019 

" Norfolk to Queensland (Moreton Bay) 906 

" Norfolk to New Zealand. 513 

25b— 31 
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The first s(u;tift^i*of the cable is about a thousand miles longer than any that had 
been laid befc^./'This necessitated a considerable increase in copper for the conduc- 
tor and in jfujta 'percha for the dielectric. The working speed of a submarine tele- 
graph cabte^'depends on, and is inversely proportional to, the product of the total re- 
sistance ^plfXhe conductor multiplied by the total electro-static capacity of the core, so 
that, ottnei^' tilings being equal, the speed varies inversely as the square of the length 
of tkp cable. In the long section there were used 600 lbs. of copper and 340 lbs. of 
gujtta fiercha per nautical mile. On the Fanning-Suva section 220 lbs. of copper and 
!j|60^*}b§. of gutta percha ; and on the remaining three sections the copper and dielec- 
.•ij^ic were in equal proportions of 130 lbs. each. 

'•*/• In the neighbourhood of Fiji at a depth of 2,500 fathoms, a temperature of 34® •! 
•rV^ahrenheit was noted, being the lowest te:nperature taken during the survey. There 
;,;%*• is very little difference in the temperature of the ocean at great depths, say below 3,000 
fathoms, over a great extent of the earth's surface, the temperature being only a few 
degrees above freezing point, or 32° Fahrenheit. The greatest depth, 3,070 fathoms, 
about three and a half miles, was found on the Fiji-Fanning section, where the bot- 
tom specimens consisted principally of radiolarian ooze. This ooze is found at the 
greatest depths, and was obtained by the Challenger s deepest sounding in 4,475 
fathoms. The United States steamer Nero sounded in 5,269 fathoms, 6 miles (this 
last being the deepest sounding recorded in the ocean), and the material brought from 
the bottom was radiolarian ooze. 

Of the 597 samples of sea bottom obtained on the Pacific Cable survey, 497 were 
such that they could be divided into distinct types of deposits. It was found that : — 

294 samples referred to globigerina ooze. 
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red clay. 
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radiolarian ooze. 


45 




(( 


coral mud or sand. 
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pteropod ooze. 
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blue or green muds. 
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organic mud or clay. 



Th(» pressure at a depth of 3,000 fathoms, in which a considerable portion of the 
Pacific Cable is laid, is about four tons to the square inch. When the cable is being 
laid at such depths, it will be approximately twenty miles astern of the ship before it 
touches the bottom. 

Deep sea cables last longer in the tropics than in the northern oceans. The rea- 
son is to be found in the fact that in the tropics marine life, from which globigerina 
ooze is derived, is more abundant than in the more northerly or southerly waters. It 
is the sun and the warm surface water that call into life these countless globigerina, 
which live for a short space, then die and fall to the bottom like dust, making such a 
good bed for the cable to rest in. In the Arctic currents, where the surface is cold 
the water does not teem with life in the same way as it does in the tropics, and conse- 
quently there is less deposit on the bottom of the ocean. 

A submarine cable consists, first of a core, which comprises the conductor, made 
of a strand of copper wires, or of a central heavy wire surrounded by copper strips as 
in the Pacific Cable, and the insulating covering, generally made of gutta percha, occa- 
sionally of india rubber, to prevent the escape of electricity. As far as cabling is 
concerned, this is really all that is necessary, an insulated conductor. This, however^ 
would not, in the first place, be sufficiently heavy to lay in the ocean, and secondly, 
would be too easily injured and destroyed by the many vicissitudes to which it would 
be subjected. For this reason, a protection in the form of a sheathing of iron or steel 
wires surrounds the core; the nature, size and weight of the sheathing being depen- 
dent upon the depth of the water and kind of ground over which it has to be laid. 
The deep sea section, being the best protected from all disturbing iiiflnences outside of 
displacement of the earth's crust by earthquakes or volcanic action, is naturally the 
one of smallest dinieusious; and for the shore end, which is exposed to the action of 
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the waves, to driftwood, to the grinding of ice in the more northerly latitudes, and to 
the danger of anchorage, especially of fishing boats, the sheathing must be very heavy. 
So that while the deep sea cable is somewhat less than an inch in diameter, that for 
the shore ends is nearly 2 J inches in diameter. The action of the waves is limited to 
a depth of only about 13 fathoms, so that their influence on the cable, manifested by 
wear and chafing, is confined to the shore end. 

The Pacific Cable is equipped with the most modern apparatus at the various sta- 
tions, and the cable is worked duplex, that is, messages are sent and received on the 
same cable at tlie same time. 

Canada had carried longitude work from Greenwich across the Atlantic and thence 
to Vancouver. The completion of the British Pacific Cable offered an opiwrtunity for 
continuing the work across the Pacific in the interests of navigation and geography, 
besides tying for the first time longitudes brought eastward from Greenwich with tho8c 
brought westward, making the first longitude girdle round the world. 

Tn October, 1902, the Honourable Mr. Clifford Sifton, Minister of the Interior, 
authorized the carrying out of the Transpacific longitudes, and the Governors of the 
South Sea, Australia and New Zealand were respectively officially notified thereof. 

In preparing the programme for carrying out the work, the climatic conditions 
of the various stations to be occupied were studied so that the most favourable times 
and seasons might be chosen. It w^as found that Suva, Fiji, was the governing factor, 
as it was by far the rainiest place of the series. 

Besides the transit outfit, I carried, too, a half-seconds pendulum apparatus, and a 
Tesdorpf magnetic instrument, the latter similar to the ones furnished to Drygalski 
of the Gauss on his Antarctic expedition. 



ITINERARY. 

Mr. Werry left Ottawa on February 27, 1903, and proceeded to San Francisco, 
whence he sailed for Samoa, where he took the northbound steamer for Fanning island. 
The southbound steamers in passing Fanning do not call there. In the latter part of 
"March, Mr. McDiarmid and I proceeded to Bamfield, Vancouver island, the eastern 
terminus of the Pacific Cable. After installing the sideral clock and its connection 
with the cable, I returned to the Vancouver observatory to begin observations. Bam- 
field, where no observations were taken, was simply used as a clock exchange station 
for making comparison between the Fanning and Vancouver clocks. 

By the end of April a satisfactory number of observations had been obtained at 
Fanning and at Vancouver, and the first link of the Transpacific longitudes completed. 

I took passage on the Canadian-Australian steamer Miowera, and sailed on May 
2 for Suva, Fiji. We called en route at Honolulu. Here were met the two American 
astronomers, Mr. Edwin Smith and Mr. Fremont Morse, who were engaged in the 
determination of the difference of longitude, San Francisco-Honolulu. Suva was 
reached May 20, and immediate steps were taken for the erection of the pier and the 
observatory. The Fanning-Suva longitude was completed on June 24. It may be 
stated that as Suva is just west of the 180th meridian, and Fanning east of it, the 
dates for the observations of the same night differ by a day. Mr. Werry left Fanning 
on June 27 for Norfolk island some 3,000 miles distant. This necessitated a rather 
circuitous route of about 7,000 miles for lack of suitable steamer connections. He 
had to return to Honolulu thence to Samoa, Auckland, New Zealand, Sydney 
Australia, and finally to his destination, which he reached in the beginning of August, 
occupying about six weeks to reach the cable station at Norfolk island. During this 
interval I made pendulum and magnetic observations at Suva, and also paid a visit 
on invitation of Roko Kandavu, grandson of the great cannibal king, Cakobau, the 
present ruler, at the old Fijian capitol on the small island of Bau, some 20 miles 
from Suva. 
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About a month was occupied in deterraininp the diflFerence of longitude, Suva- 
Norfolk. On September 7 I sailed on the Aorangi for Brisbane, where we arrived on 
Saturday, the 12th. On the following Monday I proceeded by rail with the astronomic 
outfit of many cases to Southport, the cable station, fifty miles south of Brisbane. 

Mr. H. C. Russell, government astronomer at Sydney for New South Wales, 
hearing of my arrival, immediately wired his hearty co-operation in connecting Sydney 
with Southport. Similar co-operation was readily granted by Mr. A. A. Spowers, Chief 
Surveyor for Queensland, with the Brisbane observatory in charge of Mr. T. D. Fraser. 
By September 25 the pier and observatory were built and observations begun. South- 
port formed a unique station, for nightly clock exchanges were had in succession with 
Brisbane, with Norfolk and with Sydney, at each of which time observations were 
being taken. It was on September 29 that the first mutual observations and clock 
exchange were had with Sydney, and so this night may be considered as the one when 
for the first time longitude from the west clasi)ed hands with longitude from the east, 
and the first astronomic girdle of the world was completed. 

By October 16 the last link, Norfolk- Southport, of the direct Transpacific longi- 
tude was completed. Mr. T. D. Fraser and I observed for personal equation at South- 
port and at the Brisbane observatory. Magnetic observations at Southport were also 
taken. On November 3 I arrived at Sydney, and after observing for personal equa- 
tion, with the two observers, Mr. H. A. Lenehan, acting government astronomer, and 
Mr. W. E. Kaymond, left on November 7 for Wellington, New Zealand. TTere T was 
met by Sir James Hector, the former director of the observatory, and by Mr. Thomas 
King, who now has charge of the time observations. The Premier, the Honourable 
R. J. Seddon, extended every facility the government could offer to further the suc- 
cess of the work. Observations were made for personal equation by Mr. King and 
myself. After making the necessary arrangements for subsequent clock exchange 
signals at the observatory, T left for the cable station at Doubtless Bay, at the north 
end of New Zealand, going by rail to New Plymouth, thence by steamer to Onehunga, 
across the narrow isthmus by rail to Auckland and thence by steamer to Mangonui, 
the most northerly port on the east coast. From there I had to drive over an exe- 
crable road some miles to the cable station. Here a pier and observatory were built 
similar to the ones at Suva and Southport. Longitude observations were begun on 
December 3 and finished on December 19. Before leaving this station a set of pen- 
dulum observations was obtained, and the magnetic elements were also determinod. 

Returning to Wellington, another set of personal equation observations was 
taken, and similarly in Sydney in January, 1904. 

This completed the work of the Transpacific longitudes. 

I wish here to express thanks for the hearty co-operation of the chief eleetrician 
of the Pacific Cable and of the superintendents at all the stations; of the sui^orin- 
tendents, Mr. Hesketh, of the government telegraphs in Queensland; Mr. Young, for 
New South Wales, and Mr. John Logan, for New Zealand. Mr. G. A. Buzacott, 
Deputy Postmaster General of Queensland ; Mr. J. Dalgarno, for New South Wales, 
and Sir Joseph Ward, Postmaster General of New Zealand, kindly placed the use of 
the respective telegraph lines at my disposal for the nightly clock exchanges. 

At the Wellington observatory batteries and telegraph instruments had to be 
installed for the clock exchanges with Doubtless Bay. This was done by Mr. Buck- 
ley, government electrician, who also kindly attended every night during the cam- 
paign at the observatory to the exchange of signals. In short, wherever and whenever 
any assistance was required it was readily and cheerfully extended, and the success 
of the work is in no small measure attributable thereto. 

The number of stations between Vancouver and Australia, as well as between 
Vancouver and New Zealand, is odd, and as the two observers occupied alternate sta- 
tions, the terminal stations, Southport and Doubtless Bay. are each free by this 
means from personal equation. 
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KLOTZ — INSTRUMENTAL EQUIPMENT. 

Transit, — The transit (Fig. 1) is by T. Cooke and Sons, and known as No. 504 of 
their catalogue, 1900, with slight modifications. This instrument was specially ordered 
for the Transpacific longitude, and was received only a short time before departure for 
Vancouver, where it was mounted for the first time, and the large inequality of pivots 
discovered. It has an object glass of three inches, clear aperture, and is mounted in 
a tube of double conical shape with dew-shade; focal length about 36 inches, axis IJ 
inches in diameter, Y's Itk inches in width; the support of each end of the axis is two 
cylindrical segments having arcs | inch long. 

The telescope is provided with two 6 J -inch setting circles reading by verniers to 
20 seconds of arc. One of these circles is provided with a special arm for carrying 
the latitude level, when using the transit as a zenith telescope. Above the level there 
is a device for an attachable mirror, a strip of silver glass set in a metal frame. In 
using the transit as a zenith telescope the level readings cannot be satisfactorily read 
for stars near the zenith, as one end of the bubble will be directly behind one of the 
transit standards. To avoid parallax in reading the level, the mirror, secured at an 
angle of 45 degrees, and at the height of the eye, overcomes the difficulty. 

A striding level is provided. The vial rests on cork tips, and is retained in posi- 
tion by light cork tipped springs. There is a glass covering to prevent sudden change 
of temperature of the vial. A single wooden knob on the level frame serves for hand- 
ling the striding level. On account of the long legs it was found necessary to attaoh 
lateral legs to prevent accident from toppling over through gusts of wind or other 
cause. A dew-cap 6 inches long is used when observing. The eye-piece attachment 
carries a micrometer for the movable thread used for latitude work. The micrometer 
is divided into a hundred parts, equivalent to about 56 seconds of arc, so that by esti- 
mation to tenths of a division, about six-hundredths of a second of arc may be read. 
The eye-piece attachment with micrometer may be turned through 90° from the ordin 
ary position when observing transits, in order to make the movable thread available 
for measuring zenith distances in latitude work. Instead of having a comb for count- 
ing the revolutions of the micrometer there is a small, toothed, geared and numbered 
wheel outside to effect the same purpose. This has the advantage of obviating errone- 
ous counting which may happen with the comb in counting from left to right, instead 
of from right to left or vice versa. 

Of the different eye-pieces with which the telescope is provided the same rectan- 
gular (erecting) eye-piece was used throughout. The eye-piece is set in a cross-slide 
with quick-travervsing screw and milled-head. 

There are on the diaphragm thirteen spider threads, two outside ones and then 
two groups of three each placed symmetrically about a middle group of five threads. 
The equatoral interval between two adjoining threads in a group is about 1 '6 seconds 
of time. The illumination of the threads was effected through the hollow axis by an 
oil lamp, placed on an arm 9 inches long. To prevent unequal heating of the axis, a 
lamp was placed at each end of the transit axis. Lucca oil is found the most satisfac- 
tory for burning in the small instrument lamps. 

The transit was supplied with reversing apparatus. The cast-iron stand rested 
on a base-plate and was supported by three large Fcrews, one at one end and two at the 
other, fitting into spherical holes in the base-plate. For meriviional adjustment two 
opposing screws at the foot of the stand and near the supporting screws acted on a 
projection on the base-plate, the levelling was done by the single supporting f^i*rew at 
one end. The base-plate was not bolted to the cement capping of the pier. The 
weight of the whole instrument and plate was sufficient to retain the latter in a per- 
manent position with reference to the pier. 

Clocks, — Two clocks or rather chronometers were carried. They were adjusted 
to sidereal time. Both had break-circuit electrical attachments. 

Dent No. 48419 had two-second breaks at the even seconds, omitting the 58th 
second break in order to indicate the 60th or minute break. 
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To the inside of the outside ease were attached maximum and minimum thermo- 
meters and an ordinary thermometer within the chronometer box proper. One dry 
cell was generally found sufficient for the clock circuit, and would retain its effi- 
ciency for two months. During the day time when not observing, the clock circuit was 
of course left open. The clock at each cable station was placed in one of the ' artificial 
line ' cabinets, so that its temperature might be as uniform as possible. The fluctua- 
tion in temperature during the twenty-four hours was small, being confined within 
about two degrees Fahrenheit. At Vancouver the chronometer was kept in a small 
brick vault near the observatory, used for storing the powder for the signal gun, a 
quarter of a mile distant, which is fired daily at 9 p.m. Pacific standard time. In- 
sulated copper wire connected the clock with the switchboard in the observatory, hence 
with the chronograph circuit; and by another set of wires with the sounder on the 
pier of the cable instruments, by means of which, as more fully explained elsewhere, 
the clock was made to record its beats by a special siphon on the cable fillet of paper. 

The clock was wound daily at 4.30 p.m. 

Bond No. 516 made two second breaks also; instead of omitting the 58tli second 
break, however, a break for the 59th second was interpolated to identify the following 
one for the full minute. 

Chronograph. — A Fauth (Saegmiiller) barrel or cylinder chronograph was used. 
The cylinder was 6f inches long and 4 inches in diameter. It was geared to two speeds, 
but the slower speed of one revolution per minute was the one always used. A Water- 
man fountain pen answered the purpose as recording style, but it requires attention. 
The perversity of some things at times seems inexplicable. 

The pen, being actuated by the small armature of the magnet of the chronograph, 
and the electric circuit of the latter by the clock, also by the observing key, records 
both the clock and star transit. 

It was customary to use one chronograph sheet for each position of the instru- 
ment, so that for a complete set there would be four sheets for a night's ol>servations, 
and an extra sheet when there was an exchange of clock signals over land lines. The 
chronograph sheets are infinitely more convenient for scaling a set of observations 
than the Morse fillet so common in the European observations. For subsequent refer- 
ence too the sheet is vastly superior to the yards or fathoms of fillets 

The measurements on the chronograph sheets were made by means of a conver- 
gent-divergent glass scale, covering the two-second spaces, and dividing the same into 
tenths of a second, which by estimation were read to hundredths. Fig. 2 shows one 
of the chronographs used. 

Levels. — Both the latitude and striding levels used were supplied with the transit 
by T. Cooke & Sons. 

Their value was determined before and after the work by means of a level-trier, 
114-40 inches between the pivots, and the Whitworth micrometer screw for raising and 
lowering one end of the trier read directly to one- thousandth of an inch. Determina- 
tions for value of one division of level were also made by placing the level longitudin- 
ally on the telescope tube of transit No. 2, then comparing the displacement of tlie 
bubble with the corresponding angular movement of the telescope as measured by the 
micrometer on some distant fixed object. 

The method by level-trier is more accurate than the one by the micrometer, 
as the latter involves the uncertainty of constant bisection with the micrometer 
thread. 

Electrical Apparatus's'. — The switchboard which has been used for many years very 
satisfactorily in connection with the Canadian transcontinental longitude work, was 
used at every station. For clock exchange by cable all it^ parts were not required; 
it then only served for the observations themselves by making the necessary connec- 
tion between clock, chronograph and observing key. 
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However, at Vancouver, Southport and Doubtless Bay, where clock exchange 
signals were made over land lines and the conversation was done over the wires from 
the observatory, all parts of tlie switchboard were brought into requisition. 

The accompanying diagram (Fig. 3) will illustrate the various parts and connec- 
tions of the switchboard. 

When observing, the switch is to the left, and plug 1 is in. The chronograph cir- 
cuit is broken by the chronometer at the points of the clock relay, as well as by the 
observing key. 

For simply talking over the line the switch is to the left, plug 2 in, plug 3 out, 
and also plug 8 out if the sounder is to be used. Exi)erienced operators do not need 
the sounder but read off the relay. 

For clock exchange, both clocks (of the two stations) beating simultaneously over 
the wire, the switch is put to the right, plugs 1 and 2 out; 3 may be out or in. When 
3 is in, the talking relay is cut out. In clock exchange the main line current passes 
over the points of the clock relay and is there broken; similarly the distant clock 
breaks the local chronograph circuit at the points of the signal relay. 

For arbitrary signals, sent with the break-circuit signal key, the switch is to left 
and plugs 1 and 2 out, so as to throw the chronograph circuit over the points of the 
signal relay. Under all conditions the chronometer always records on its own chrono- 
graph. 

When the switch is to one side, the opposite points are in contact. The switch 
separates them, and changes thereby route of current. One dry cell (Mesco) is suffi- 
cient for the clock circuit. This is always independent of any other current, and to 
protect the points of clock contact only one cell is used. 

For the circuit of the observing key and chronograph two or sometimes three cells 
are used. 

Cable Attachment, — From former experience it was found undesirable to have a 
direct connection between the clock and the cable siphon, i.e., to have the clock record- 
ing directly by means of the cable siphon. It is better to have an independent clock 
siphon tracing a line parallel to the one of the cable siphon. 

To obtain the local clock record or two-second beats on the cable fillet, an ordi- 
nary sounder (Fig. 4) was provided with a 4i-inch long threaded rod attached verti- 
cally to one end of the sounder arm. Over the rod fitted loosely an oval ring held in 
position by two opposing screws and also by two nuts, one above and the other below the 
ring. The heads of the screws were perforated to admit of centering and fastening the 
silk fibre, to be spoken of presently. The sounder was screwed on a small board and the 
latter securely attached to the pillar on which the cable instruments are set, as it was 
found that by placing the sounder on the table the vibrations to which it was subjected 
by walking or other causes, made the siphon record unsatisfactory. On the brass frame 
(of the cable instrument) carrying the ordinary cable siphon was stretched another 
thin wire to which was attached a siphon which was connected by a raw silk fibre with 
the rod of the sounder arm, so that the siphon responded to the pulsations of the 
sounder and hence when filled with ink would leave a record on the cable fillets 

The recording of this siphon differed from that of the ordinary cable siphon, in 
as much as it dragged a continuous line on the fillet, while the other makes necessarily 
a dotted line, produced by the small vibrator tapping the frame. The magnetic effect, 
produced by the weak current used on cables, and which actuates latterally the cable 
siphon, is too weak to permit the siphon to rest permanently on the fillet, it could not 
draw it aside, so the siphon is kept just above the paper and by means of the vibrator 
is made to deposit drops of ink — about 60 per second — and thereby leave a record. 

Before attaching the silk fibre to the sounder rod and siphon it was subjected to 
a constant pull by means of a small weight for a day in order to remove its elasticity 
sufficiently to jyermit of instantly responding on the siphon to the movements or pul- 
sations of the rod. The tension of the fibre was adjustable by means of the two small 
opposing screws in the oval rings of the rod. 
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The local clock record on the cable fillet was necessary in order to be able to 
interpret the arbitrary signals sent from tlie other observing station and recorded by 
the cable siphon. In receiving signals there were two records on parallel lines on the 
fillet, the signals as shown by the cable siphon, and the clock beats shown by the 
other siphon. The trace of the latter was the foot-rule, so to speak, or scale for 
measuring the other. The two-second breaks in the line drawni by the clock siphon 
were projected vertically by a fin^ pencil line on the line of the cable siphon and 
the relative position of the arbitrary signals measured by a glass scale, similar to 
the one described, but somewhat larger, as the two-second breaks on the fillet were 
made considerably larger than those on the chronograph sheets. The speed of the 
fillet is adjustable by the small motor. 

Although the siphons were generally placed fairly opposite each other, that is, in 
the same perpendicular to the fillet, yet it was necessary to know their parallax. 
To attain this end the local clock circuit was put in connection with one of the 
cable keys, the one (positive) used for sending arbitrary signals. A special arm was 
attached to that cable key so that when the cable key was depressed to make circuit 
and send a signal into the cable, the arm would at that moment break the local clock 
circuit, hence record the time on the fillet. By comparing the relative positions to a 
vertical of the break made by the cable siphon with that of the other siphon for an 
arbitrary signal, the apparent parallax of the siphons is obtained. To this parallax 
there may be a small outstanding correction due to want of perfect adjustment, that 
is, that the make of the cable key absolutely synchronizes with the break on the clock 
circuit. To obtain the absolute parallax the metal frame carrying both siphons was 
given a slight sharp tap, generally with the back of a pocket knife. By this means 
there was a momentary simultaneous displacement of both siphons and the parallax 
obtained, and by comparison with the above, an adjustment, if necessary, made. 

The correction was always a small quantity — if anything at all — and about one- 
hundredth of a second of time. 

Observing key. — This was an ordinary American telegraph key mounted on a 
small piece of wood. The spring adjustment was made weak, and the platinum points 
about a fortieth of an inch apart. The same conditions were maintained throughout 
the work. The moment the key was touched the circiiit was broken and the transit 
recorded, independent of the spacing between the points of the key, which is not the 
CISC in a make-circuit key. 



SYSTEM OF WORKING. 

Programme, 

It was decided that for each final differential longitude there should be Hve 
mutually complete nights or their equivalent. 

Time set. — A complete night's programme comprised twenty-eight stairs, divided 
into four sets of seven stars each. One of the seven being a polar, while the others 
were distributed between the zenith and an equatorial zone. 

Two of these sets — one clamp east and one clamp west — comprised a time deter- 
mination, so that each night, when clear, there would be two independent time deter- 
minations, and a measure of the individual hourly clock rate obtained, beside the 
daily rate shown by the observations of successive days. 

For the northern hemisphere the Berliner Jahrbuch has generally been used 
fcr the selection of stars, but for the southern hemisphere the British Nautical 
Almanac furnished the most suitable stars. Both were supplemented by the Ameri- 
can Ephemeris and Connaissance des Temps. On account of the difference in longi- 
tude between any two stations, and for other reasons it was not practicable for the 
two observers to use the same sets of stars for the purpose of eliminating errors in 
right ascension, which in the standard stars alone used is supposedly a very small quan- 
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tity. The programmes were always so arranged that each observer would, with clear 
sky, have completed his first time determination, that is, woidd have observed one 
set clamp east and one set clamp west, before the time of exchange, generally at 9.30 
p.m., of clock signals. These signals would therefore fall between the first and second 
independent time determinations. It is all-important that the respective clock errors 
be accurately known at the time of exchange of clock signals. This is best obtained 
and assured when there is a time determination immediately preceding and one 
immediately following such exchange. Through clouds or rain, or other impropitious 
weather it was not always possible to obtain the time determination when desired. 

Exchange on Cable, — ^Along the whole system of the Pacific cable Greenwich 
mean time is used for the commercial work. For Fiji through which runs the anti- 
meridian of Greenwich, the Greenwich mean time 12 hour clock dials would practi- 
cally show local time for Suva. It was desirable in the cable offices that the time for 
exchange of clock signals be fixed at some definite time so that the officers could 
govern themselves accordingly and have the spare cable instrument in readiness at 
the appointed time. The time was so arranged that the westerly observer had time 
to obtain his first time determination before the exchange. In the tropics observing 
may be begun almost immediately after sunset, as there is little twilight. The ex- 
change consisted in each observer sending alternately not lei^s than thirty arbitrary 
signals at irregular intervals, averaging about two seconds apart, the interval being 
always sufficiently long to permit the siphon to have well resumed its normal position 
in tracing the zero line of dots on the fillet. The signals having been mutually and 
satisfactorily received, the record of the night's work and of the preceding night was 
mutually communicated, and this ended the use of the cable for the night. If all 
went well, the whole exchange of signals and communications would occupy less than 
ten minutes. This was, however, not always the case; the ink in the siphon might 
give trouble, or the vibrator, or some other vicissitude for which one must always be 
prepared not only at the cable instrument, but also in the observatory. 

Throughout the whole work, received signals were scaled by Klotz on the cable 
siphon record, by projecting the 2 second breaks of the clock on the lower or clock 
siphon record upon the upper one. This method was preferred to projecting the re- 
ceived signals (beginning of deflection of cable siphon) on the lower line to avoid 
obliterating or obscuring by a pencil line as ordinate the dot or dots (vibration of 
siphon) indicating the arrival of the signal. In the method pursued, after adjusting 
the glass scale to cover the intersection of the ordinates from the clock breaks with the 
zero line of the cable siphon, one could deliberately determine the first indication of 
the cable siphon leaving its zero line of undisturbed position. 

The scaling of the signals sent, which were recorded by both siphons, was always 
done on the clock siphon record, hence it is necessary to apply to all sealing of signals 
received, which were recorded of course only on the cable siphon, the parallax of the 
cable siphon. This parallax was readily obtained from the signals sent, because in that 
case we have the record for each signal by the two siphons. To test the adjustment of 
the cable key with the local clock circuit, i.e., whether the two siphons recorded simul- 
taneously, the cable key make and the clock circuit break, the frame carrying the two 
siphons was lightly tapped after the exchange of signals thereby making simultane- 
ously a break in the two lines made by the siphons, and the absolute parallax ex- 
pressed in time found. If the apparatus is well adjusted, this absolute parallax is 
identical with the one obtained as described above. When a difference was found it 
was confined to about one-hundredth of a second. 

Mr. Werry invariably scaled the cable siphon record both for sending and re- 
ceiving signals on the clock siphon line by projecting the same on that line. The 
parallax of the siphons was obtained in a manner similar to the one described above. 

The accuracy with which a comparison between two clocks or chronometers can 
be made by means of a cable, is practically only a matter of careful scaling of the 
time signals on the tape. So that with the tape running out approximately an inch 
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a second it is found that an exchange of thirty signals gives a probable error for the 
mean difference of the two chronometers of less than d='.002. Small as this quantity is, 
it includes error of scaling, irregular running out of tape, irregularity of clock beats, 
and differential rate. 

Compared with the many other quantities — star places, level readings, tempera- 
ture with its hidden effects on instrument and chronometer, errors of observation, 
personal equation — entering into the determination of the difference of longitude, the 
probable error of an exchange of time signals is almost a vanishing quantity. The 
same remark holds true for an exchange over land lines. Fig. 5 illustrates a cable 
record, both receiving and sending. 

Clock Exchange on Land Lines. — ^^Land line exchanges were made between Van- 
couver and Bamfield, Southport and the observatories at Brisbane and Sydney, 
the former fifty miles distant by wire, and the other 753 miles. Also between Doubt- 
less Bay and the observatory at Wellington, 704 miles. The exchanges were effected 
without the interposition of relays on the line. 

It was customary to allow both clocks to record over the wire at the same time and 
record on the chronographs of the two stations. This was a mere check on the actual 
exchange by arbitrary signals and to show the relative position on the chronographs 
of some one minute (the 60th second) of the one clock and some one minute of the 
other clock. Experience has long shown that a more accurate comparison between 
two clocks can be made by arbitrary signals, that is by breaking the local clock cir- 
cuit as shown on the chronograph, and by that same depression of the key, breaking the 
main line and hence sending a signal to the distant station there to be recorded on 
the chronograph, than by simply allowing the clocks to record over the line. The 
particidar merit of the arbitrary signals lies in the fact that in scaling the chrono- 
graph sheets the mind is and remains unbiased in making the measurements, whereas 
when scaling the record of the two clocks recording simultaneously on the chrono- 
graph, the mind involuntiirily becomes biased after making one measurement. We 
know in advance what the remaining measurements should be. It is impossible to 
get rid of the influence of knowing in advance what to expect. This undesirable con- 
dition in exchange of clock signals is obviated by adopting the method of arbitrary- 
signals. The measurements on the chronograph sheets as well as on the cable fillets 
were read to the one-hundredth of a second of time. 

At the three observatories, Brisbane, Sydney and Wellington the Morse register 
with fillet of paper and two styles w^as used for recording the exchange of clock 
signals. It is somewhat surprising how tenaciously this form of chronograph isi 
maintained not only at these observatories (Sydney had a drum chronograph too) but 
also at those in Europe. The cylinder chronograph is to one who has used both so 
manifestly superior for convenience of reference and reading and saving of time that 
it is diflScult to understand why the Morse form is retained. 

Bate, — Rate is one of the most difficult problems with which we have to deal in 
longitude work. It is not the magnitude of the rate, although a small rate is very 
desirable, but the constancy. This is the crux. A chronometer may have an api)ar- 
ently constant daily rate, yet the hourly rate for the twenty-four hours may and doo^; 
vRry, Again the rate is not the same when the current is on, as when it is off; tho 
former condition obtaining when observing, and the latter the rest of the day. Th(» 
rate deduced from two indepedent time determinations of the same night, when th(» 
temperature is practically constant for the clock during the time of observation, and 
the clock is in circuit with the battery only during that time, is seldom, if ever, the 
same as that obtained from day to day observations. 

In our programme we have two independent time determinations for each night. 
Each sot of transits is reduced to the epoch of the mean of the times of transit of the 
stars comprising the set. The rate which is applied for each transit to tli(^ mean 
epoch, and for which some magnitude must be assumed, is practically a vanishing 
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quantity in the resulting clock correction. The ideal time of exchange would be at 
that epoch, when the effect of rate is eliminated. But for various reasons this is found 
to be impracticable. In the programme then of two independent time determinations, 
for obvious reasons the exchange was arranged to take place about midway between 
the two epochs. An interpolation between the two epochs gives the clock correction 
at the instant required, that of the signals. This assumes that the rate is constant 
during the interval, and is represented by a straight line. If extrapolation is necessary, 
as somctinios occurs, the rate value havS less weight. 

Transmissio7i Time. — On the assumption that the time of transmission is the 
same in both dirc^ctions and that the chronometers have the same rate, the difference 
of records at two stations of the exchange of time signals will represent twice the time 
of transmission. 

We are obliged to assume that the transmission time is the same in both direc- 
tions, but to the difference of the records of exchange of time signals there must be 
applied the relative rate for the interval between the means of the times of the two 
exchanges. This interval is confined to about two minutes. 

From the two independent time determinations made at each station on the same 
night the hourly rate of each chronometer when in circuit is obtained. The algebraic 
difference of these hourly rates gives the relative hourly rate of the two chronometers 
and the proportional part for the above interval is the quantity entered in the column 
' Relative rate ' of Table 

On exchange by land- lines, it will be seen, referring to the diagram of the switch- 
board that the deduced transmission time is free from any retardation by the signal 
relays or by the secondary circuits of the chronographs. The effect upon the com- 
parison of the clocks of retardation by the signal relays and secondary circuits 
will disappear in the mean of the two exchanges provided the sum of the retardations 
by signal relay and secondary at one station is equal to that at the other. This 
condition is, however, not necessary for finding the time of transmission. 

Personal Equation. — Fortunately for the connection between Canada (Vancouver) 
and Australia (Southport), also New Zealand (Doubtless Bay), the personal equation 
between the two observers was eliminated. This is, of course, on the supposition that 
the personal equations remained constant. As the climatic conditions, as far as tempera- 
ture was concerned, and the surroundings were favourable for personal comfort, there 
was no a priori reason for suspecting any change during the campaign in the personal 
equation. The elimination referred to was due to the fact that the number of stations 
was odd, and that the observers occupied alternate stations. I occupied the terminal and 
middle stations, while Mr. Werry occupied the other two — Fanning and Norfolk is- 
lands, — and for these two stations differential personal equation must be applied. To 
determine such we observed on our return with the same two transits of the Trans- 
pacific longitude, on several nights in a manner identical with that at work in the 
South seas, and under similar climatic conditions. It may be remarked that it was 
impracticable before leaving Ottawa to observe for i)ersonal equation. In the first 
place it was winter, thermometer below zero, and secondly my Cooke transit had not 
yet arrived when Mr. Werry set out for Fanning island, via Samoa. 

For the longitude of Brisbane, Sydney and Wellington, I observed with each of 
the observers at the respective observatories, by determining the clock correction for 
the respective common epochs. 

Instrumental Constants, 

Thread Intervals. — These were determined by both instruments by observing the 
transits of slow-moving (polar) stars and the intervals were all referred to the mean 
and not to the middle thread. The times of transit are corrected for level (if any 
change of level has taken place during the transit) and for rate. Multiplying the 
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time interval of any thread from the mean thread by the cosine of the star's declina- 
tion gives the equatorial interval for the same. For circumpolar stars, whose motion 
during the time of transit from one thread to another is sensibly an arc of a circle 
the interval must be further multiplied by the cube root of the cosine of the hour 
angle of the star for the respective threads. 

The following are the values of the equatorial intervals for Klotz transit, deter- 
mined from transits of a Crucis, y Trianguli, a Trianguli and Chamaeleontis. 

Clamp East* 

B. 

1 - 9-939 

2 - 8-273 

3 - 6-690 

4 - 3-279 

5 - 1-640 

6 +0 -036 

7 + 1-576 

8 ; . . +3 -200 

9 + 6-602 

10 +8 -352 

11 + 9-995 

For the Werry transit, the values det<*rmined from transits of a Ccntauri, a Crucis, 
Groombridge 1930 and 8 Draconis are: — 

Clamp East. 

s. 

1 -14-209 

2 -11-903 

3 - 9-573 

4 - 4-794 

5 - 2-196 

6 - -110 

7 + 2-454 

8 + 4-681 

9 + 9-591 

10 +11-906 

11 +14-153 

Inequality of Pivots. — The Klotz transit was received from the maker in the dead 
of winter and just prior to leaving for the Pacific so that no opportunity was afforded 
to determine any of its constants at Ottawa. 

The inequality of pivots was determined both by special series of observations and 
also from the many level readings just before and after reversal of transit in the 
daily (clear nights) time determinations. 

In this transit there was a considerable change in the inequality of pivots from 
April to December. For Vancouver and Suva the values are identical, thence onward 
there is an increase for Southport and still more for Doubtless Bay. The cause of 
the change is not apparent. Before beginning observing in Southport I removed with 
great difficulty the plug carrying the lens in the clamp end of the axis as the inner 
surface of the lens was covered with brass filings. In re-inserting the plug I did not 
get it quite ' home.' This might perhaps have affected the diameter of that jjivot. 
Whatever the reason, the quantity was accurately determined and applied to the lev(^l 
correction. 
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The mean value for Vancouver of seven determinations gave for p the pivot in- 
equality correction *.080, the inequality being twice that quantity. 

A similar determination at Suva gave p=*.080. 

At Southport a double series was taken, one by continuous readings on many 
reversals, the other from many nights level readings during the time of transit obser- 
vations. From these we obtain p=*.117. 

At Doubtless Bay the value was obtained from level readings extending over the 
whole period of time determinations in December and the resulting value for the 
correction of inequality of pivots is p=*.151. 

All the corrections are additive for clamp east, the axis opposite the clamp being 
the larger. The respective values of p were applied for each station. 

Level. — The value of the striding level of Klotz transit was obtained from two 
series of readings on different days, by placing the striding level longitudinally on the 
telescope of the Werry transit. The telescope was clamped in a position to allow the 
bubble in the striding level to play near one end of the tube. By means of the micro- 
meter and its thread a reading was taken on a distant object. Then by means of the 
tangent screw of the telescope, the latter together with the level was displaced. This 
displacement was measured by the micrometer screw and expressed in angular mea- 
sure. Repeated and satisfactory measurements were thus obtained. 

The mean value of one division of the level at 68° F. is ^.085. 

By the use of the level trier the mean value of the striding level (a Pessler) of 
the Werry transit was found to be MOO. 

Micrometer. — The value of the micrometer of either instrument was not required 
in the longitude work, only for the latitude determinations, by using the transit as a 
zenith telescope and observing by Talcott's method. The value of the micrometer was 
obtained from a series of transits of slow-moving stars over the micrometer thread, 
set in advance at intervals of five revolutions. The times of transit were corrected 
for rate and for hour angle. The mean of the time intervals was taken and reduced 
by multiplying by the cosine of the star's declination. 

From such observations the value of one revolution of the Klotz transit micro- 
meter was 56" -878. 

That for the Werry transit is 60".556. 

Diurnal Aberration. — The correction for diurnal aberration was obtained for each 
star by the usual formula-". 0207 Cos. <f> Sec. 8 and applied to the time of transit, 
<f> and 8 being the latitude and declination respectively. 

For lower transit the correction is positive. 

Collimation. — The correction for collimation was determined from the simul- 
taneous reduction of a set (clamp east and clamp west) of transits for time. 

No direct measures were made by means of observations with collimating teles- 
cope or mercury collimator. 

Azimuth. — For the determination of the deviation of the transit instrument from 
the meridian a polar or slow-moving star was observed in each position of the in- 
strument in the set of time observations. The value was obtained as in the preced- 
ing case from the simultaneous reduction of the condition equations constituting a 
time determination. As the principal unknown sought is the clock correction, the 
stars comprising an observation set may be so chosen that both the collimation and 
azimuth corrections, irrespective of magnitude, have little effect on the deduced time. 

Reduction of Observations. — ^As already stated a complete time determination 
consisted of the observation of fourteen stars, seven for position clamp east and 
seven for clamp west. 

On a clear night two of such determinations were made. For each position there 
was one polar star the others being time stars. The mean of the eleven threads was 
taken for the time of transit. This time was corrected for level, inequality of pivots, 
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aberration and rate, giving thereby the corrected time of transit, but still involving 
the azimuth and collimation corrections besides the clock error. 

The- right ascensions for a given date were interpolated from the respective 
ephemerides, and ' the corrections to the R.A. of the Nautical Almanac ' as well as of 
the Berliner Jahrbuch, were applied. 

Assuming then a clock correction AT for the mean clock time of the transits of 
a set, and to which time the rate was referred for obtaining the rate correction, we 
have for each star observed a condition equation of the form, 

AT + 8T = (a-t) -k-Aa-k- Cc, 

where AT + 8T is the clock or chronometer correction. From the fourteen (or less) 
condition equations the three normal equations are deduced in the usual manner, and 
the three unknowns determined. As a rule, after beginning observing no attempt was 
made to level the instrument, but instead frequent readings of the level were taken. 
There was only one azimuth deduced for one set of clamp east and clamp west, except 
in a few instances, which showed displacement in azimuth after reversal. This change 
was due either to reversal or to the levelling done at the time of reversal. The latter 
reason is apparently the one for the Werry transit, and may be explained by the 
unsymmetrical motion of the base of the heavy levelling screw in its socket in the 
base plate. The change in azimuth in the few cases became only apparent, when mak- 
ing the final reductions. In the recomputation for such cases the normal equations 
were solved for two azimuths, one for each position of the instrument. 

Ordinarily the exchange of clock signals took place during the interval between 
the two independent time determinations which each observer made nightly, providcni 
the sky was clear. The arithmetic mean corrected for parallax of siphons of the dif- 
ferencas of the clocks from the individual signals was taken as the difference of the 
clocks at the mean time of all the signals sent from or received by the respective 
observers, so that there was no necessity for applying a correction for differential rate. 
The thirty-five arbitrary signals sent by each observer were usually comprised within 
less than two minutes. The differential rate, however, was applied for determining the 
time of transmission. That is, in comparing the differences between the clocks at the 
mean times of the two exchanges, differential rate was applied for the interval between 
the mean times of the two exchanges. 

We have then two clock comparisons, and they differ from each other by twice the 
time of transmission. 

To obtain the difference of longitude, the necessary data is now available, and a 
simple computation from the following formula gives the difference sought. 
Let ^e a^d AToe = the chronometer time and its correction at the eastern station when 

sending a signal, 
t^ and ATow = similarly for the western station, when receiving the above sig- 
nal, 
and tfyf and AT^^ = *^6 chronometer time and its correction at the western station when 

sending a signal. 

f^ and AT^e = similarly for the eastern station when receiving this signal. 
fi = transmission time. 
rfA = difference of longitude, west longitude being reckoned positive. 

We have then from an eastern signal. 

dk-iM = t. + AToe - r^w + ATo J '- rfA, 
and from a western signal, 

rfA + ^ = f + AT:e-C^ +aT'ow)--^'^w 
hence dA = J (dX^'\-dX^) 

This is on the supposition that the relative personal equation has been applied t-o 
the chronometer correction, and furthermore, that the time of transmission from east 
to west is the same as from west to east, an assumption which must be made. 

Hence we obtain also /i=J (d^y^-d^^) 
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If we let Jr=relative personal equation between the two observers the following 
formulaj express the difference of longitude for the several links across the Pacific, 
the observers occupying alternate stations. 

Vancouver-Fanning dk^ = J (dXl 4- rf/^) 4- K. 

Fanning-Suva c/A" - ^ (r//V -\-dk]i.) —K 

Suva-Norfolk rf/"' = i (/A'i' + dX'l') 4- K, 
and Norfolk-Southport rf/'^' = A ('i/'J + rfA\J') —A'. 

hence for Vancouver-Southport dL = i (S^^ + S^^^w) 

That is, the difference of longitude between Vancouver and Southport, Australia, 
and similarly for Suva and Doubtless Bay, Kew Zealand, is free from personal 
equation even without knowing its magnitude, which, however, was determined, as 
stated elsewhere, for application to the Fanning and Norfolk longitudes. 

The probable error of a difference of longitude was found from the probable 
errors of the two chronometer corrections and the probable error of the exchange of 
time signals. 

We have then E^,^ :^\/E^VE\TE\ 

For the weighted mean difference of longitude of a number of nights we have 

dA = ( c?\ y^ + ^'7^ + ^\ j^ J + jdivided by ( ^j^ + ^^,7- + j^f + )> the latter 

quantity representing the sum of the weights, which we may write [p]. From the 
weighted mean and the individual values of the difference of longitude we obtain a 
series of residuals r. 

The probable error of the weighted mean is found from 



^ojA=.6745 / rp;iji 

V [p] (n - 



[p] (n-1) 

where n represents the number of individual values. 

This gives then the probable error for the final difference of longitude between 
two successive stations. 

The probable error of the longitude of a station is the square root of the sum of 
the squares of the probable errors of the various stations forming the chain from the 

prime meridian, or Greenwich, that is, E^ -\J\El u ] 



SYDNEY OBSERVATORY. 

The following description of the instruments used at Sydney in the recent deter- 
mination of the difference of longitude Sydney- Southport, has been kindly furnished 
by Mr. II. A. Lenehan, F.R.A.S., acting government astronomer at Sydney for New 
South Wales. 

* The transit has a 6-inch object glass by Troughton & Simms, of London, who 
constructed the instrument in 1875. The focal length is 6 feet, and it is provided 
with a dew-cap 18 inches long. 

' The bearings of the instrument are on fixed gun-metal bearings on cast-iron 
columns; no adjustment for corrections of level or azimuth being provided. This 
was designedly done, so that there would not be a possibility of alteration in any way. 
The eye-piece used magnifies 148 times. The instrument has two circles 2 feet in dia- 
meter, graduated to every 5 minutes of arc, and these graduations are still further 
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sub-divided by the micrometer microscopes, which are readily read to the tenth of a 
second of arc. There are two setting circles one on each side of the tube, graduated 
to 20 minutes of arc, and further divided by the vernier. 

* Counterpoises on each pier take off the greater weight on friction wheels from 
the bearings, leaving very little resistance on moving in declination. A sliding re- 
flector in the instrument regulates the illumination of the field of wires from a lamp 
at the end of the axis. A set of seven vertical wires and a horizontal one is provided; 
the equatorial intervals being about 5 seconds of time apart; and these wires are from 
the cocoon of one of the silk worms readily got in the gardens here. These cocoons 
have small sticks attached to the outer surface. We find the fibres of silk are stronger 
than the spider lines, and they last longer, the only drawback being their varying thick- 
ness, but this is not so marked as to cause them to be rejected. 

* The instrument has a collimating telescope outside the building to the north, 
and reading by this (with the micrometer moving the wires) in its field, through 
holes in the transit circle and again through a 40-foot lens on the southern wall to a 
silver plate with vertical and horizontal crosses on its face. This plate is on a pier on 
the same level as the northern collimating telescope. We adjust the moving wires of 
the collimating telescope on this mark, and then take readings with the transit circle 
telescope on both, the mean of the adjusted wires on the northern collimator and on 
the southern mark gives the collimation of the transit circle, which deducting "'010 
for aberration is the final setting of the K. A. micrometer. 

* Level readings are by reflection of the wires in a mercury trough on Pritchett's 
principle, viz., a shallow copper trough inches square with an amalgamated surface 
containing only about A inch of mercury. This is placed in a recess below the in- 
strument on the solid stone which carries the piers. The instrument is protected in 
every way from any vibrations of the building or floors, being on a separate pier ex- 
tending from the bed-rock below the foundation. The observer mounted on the re- 
mover reads through a Bohnenberger eye-piece the wires covering their reflections by 
moving the micrometer, and the mean of these (10) readings are subtracted from the 
collimation, a smaller reading giving a +, a greater — sign, and expressed in the equi- 
valent of the micrometer screw. 

* Azimuth is determined by the stars by observing upper and lower transits of slow- 
moving circumpolar stars, and we find the instrument so extremely steady that any 
variation of over a fraction of a second of arc is practically not existant. 

' The sidereal clock is by Frodsham, of London, and has at present a small wheel 
on the pendulum rod, which as it swings to the vertical presses a delicate spring into 
contact and marks on the chronograph for each second, omitting the 60th, thus only 
recording 59 beats to the minute and one break. 

* A cylinder chronograph is used for observations and by diversion of current these 
contacts go to a tape chronograph; this is generally used with longitude. On this tai>e 
can be recorded with two pens, and can vary the beats of the clock to each pen, and 
the same with any signals received from longitude stations. 

* The transit observations are recorded on the same chronograph as the clock by a 
flexible connecting wire and handle held by the observer, w^ho presses a small spring 
with his tlumib to make the necessary contacts recording the bisection of the star. 

* The electricity is generated in four Edison- Lalande large cells, and the life of 
the battery is long. 

^ The seven wires observed are entered in the transit book and a mean taken for 
the central wire. This is corrected for the inequality of the divisions of the wires 
from the central wire, and then level and azinuith are applied, eolliuuition being non- 
existing as already explained. Then follows the usual mode for arriving at the errors 
of the true and observed transits. The mean of these results gives the clock error at. 
the mean time of traui^its. Correction for rate is applied to each star. 

' Th(» value of the wires determined from many observations of slow-moving- 
southern stars is here given. 
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Wire 1 15-156 from central wirr» 

2 10-176 

3 5-15J 

4 -000 

5 5-247 

6 10-207 

7 15-407 



s. 
+ 30-486 



s. 
- 30-861 



s. 
DifTcrence - -375 

•051 



BRrSBAXE OBSERVATORY. 

The services of the ohservatory are essentiallv for time purposes. The transit 
is by Troughton and Simms, 1883, and is mounted on a stone pillar. The objective 
is of 2J inches clear aperture and 30 inches focal length. The reversing is done by 
hand. The reticule has seven threads, the five central threads at equatorial intervals 
of about six seconds. The pivots are cylindrical and there is no inequality of pivots. 

On the striding level provide<l, fifty-six divisions are equivident to sixty seconds 
of arc. 

The time-piece used for the longitude work, including personal equation, was a 
Kullberg sidereal chronometer, provided with a one-second electric break. The chro- 
nometer had a losing rate of about three-quarters of a second per day. 

The transits and exchange of clock signals were recorded on a Morse register 
by embossing. The register has two styles, one always recording the clock and the 
other, the transit key or the time signals to or from Southport, when making exchange 
for difference of longitude. For the clock circuit three Leelanche cells were used, 
and the same number for the chronograph circuit. The telegraph line connecting 
Brisbane with Southport is fifty miles in length. 

The following are the equatorial intervals, determined by means of the micro- 
met<?r, one revolution of which=70"-8, by JMr. T. D. Fraser. 

Clamp West. 

8, 

1 +23-05 

2 +12-46 

3 +6-12 

4 +0-33 

5 - 5-96 

6 -12-65 

7 -24-35 



WELLIXOTOX OBSERVATORY. 

The observatory was established in 1869 and is used for time service only. It is 
situated on the summit of the hill within the old cemetery, and overlooks the city, har- 
bour and surrounding country. The building has two rooms, a clock-room and a tran- 
sit-room. 

ClockA — In the former are three mean time clocks, and one sidereal — Dent No. 
39720 — ^having electrical attachment making contact or circuit every second except the 
60th in order to identify the minute. The clocks are all mounted on brick and cement 
bases, and are fastened to substantial braced frames. 
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Transit. — The transit is by Trouprhton & Simms, and is mounterl on a rather liipli 
stone pillar. It has an ap?rture of 23 inches, and a focal lon<rth of 32 inches. Tho 
reticule has seven threads at equal equatorial intervals of about IT seconds of rfime. 
There is a sensitive striding level, and one oil lamp for illuminating the field. The 
single small setting circle reads to minutes and the reversing of the telescope is done 
directly by hand. 

Meridian Mark: — The meridian mark, placed 35 years ago, which also serves for 
testing collimation in the day time, is a 3-inch iron bar set in cement, and shows well 
above the sky-line of the Tinakori range to the north. 

Chronograph. — The chronograph is of the Morse pattern and records on a tape. 
It is provided with two styles, side by side. The one records, embossing by make-cir- 
cuit, the second-beats of the sidereal clock, while the other similarly records the sigmals 
by the transit key, also the clock or arbitrary signals received (from Doubtless Bay) 
when making a comparison of the clocks for the determination of the difference oi 
longitude. The transit and arbitrary signals on the tape are readily interpolated, and 
expressed in time, from the embos^sed dots or records indicating the seconds of the 
local sidereal clock. 

Electrical Apparatus. — Mr. J. K. Logan, Superintendent of Government Tele- 
graphs, has furnished the following description and diagram (Fig. 6) of the arrange- 
ment esi)ecially installed at the Wellington observatory, for the differential longitude 
work with Doubtless Bay as this was the first time that an automatic exchange of clock 
signals had been made with the observatory. 

The Wellington clock made contact (circuit) every second, while the chronometer 
at Doubtless Bay was arranged to * break ' circuit. 

'* Two British post office polarised relays, the coils of each of which were joined in 
parallel, giving a resistance of 150 ohms for each relay, were connected in multiple 
through three Leclanchc* cells to the terminals of the clock. One hundred and twenty 
Leclanche cells, with the copper earthed were joined to one of the local terminals of 
one of these relays and by adjustment, the tongue of this relay was made to bear 
against the stop connected to that terminal. The terminal connected with the tongue 
was then join(*d to the copper terminal of a Siemens relay of 500 ohms resistance. The 
line was connected to the Z (zinc) terminal of the Siemens relay through a switch 
arrangcil to discoiniect it from the time recording instruments and connect it to the 
si)faking (Morse) instruments when required. 

The local terminals of the Second British P.O. polar relay were connected through 
8 Leclanche cells to the terminals of the magnet coils of the back style of the chrono- 
graph. Tlie local terminals of the Siemens' relay were connected through 8 Leclanche 
cells to the terminals of the magnet coils of the front style of the chronograph. 
At every nmke of the clock the tongue of the P.O. relay that was connected to the 
back style coils, made contact and caused the style to emboss, thus registering every 
clock beat. The other P.O. relay at every beat of the clock broke contact at its tongue, 
the line (Mirrent was thus broken and a signal recorded at Doubtless Bay. As this line 
current passed through the Siemens' relay at the observatory, and while passing held 
the tongue of that relay open against the bias given to it, at every break of the current 
the tongue by reason of that bias, moved across and closed the local circuit, thereby 
rc?cording marks on the front style. 

When signals were to be received from Doubtless Bay, the observatory battery 
of 120 cells was cut off, battery being api)lied at the sending end. 

At every break of the current at Doubtless Bay the Siem<^ns' relay tongue moved 
to clo.-e the circuit and the breaks were recorded by the front style, marks being made 
at tlio sjuiic time by thr' observatory clock with the other stvlo. Arbitrnries were re- 
ceiv<«] fnnii Doubtless Bny in the same way. 

When arbitrnries were being s<*nt from the observatory it wns arranged by means 
of a two-way switeb, to cut off th(^ clock from on(^ P.O. relay, i.e., the one. the tongue 
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of which was in the main line circuit. This relay was then worked by the closing of 
a key, the line current being broken at the tongue of the relay in the same way as when 
the clock was operating the relay. This break was recorded at Doubtless Bay and also 
on the front style at Wellington by the movement of the tongue of the Siemens' relay, 
at the same time the clock was recording on the back style. 

It is desired to indicate that for received signals the tongue of the Siemens' relay 
had to move to close the circuit and the front style then to move to mark the tape. 
The signals of the observatory clock had to cause the P.O. relay tongue to move to close 
the circuit and the back style then to move to mark the tape. The record of the outgo- 
ing signals either from the clock or by arbitraries was got after the clock or the key 
had caused the P.O. polar relay tongue to break the circuit which in turn caused the 
Siemens' relay tongue to move to close the circuit of the front style and which style 
had then to move to impress the tape. 

The line was 704 miles long. Wellington to Doubtless Bay, and was of llj copper 
throughout, 200 pounds to the mile." 

No repeaters were used. 

DESCRIPTIOX OF STATIONS. 

Vancouver. 

At Vancouver the permanent observatory built in 1900 for longitude work was 
occupied. It is situated on Brockton Point, immediately to the south of the lighthouse. 
The transit was mounted on a brick pier and a single wire connects the observatory 
with the city office, distant about 3 miles, of the Canadian Pacific Telegraph system. 
Every night at a given time, 10.30 p.m., the observatory was put in circuit with the 
line to Bamfield, the terminus of the Pacific Cable, for exchange of clock signals. 

Fanning Island 

This island or the group of three islands, of which it is one, was discovered by 
Captain Edmund Fanning on June 11, 1798.* At the time of its discovery it was 
uninhabited, although * a stone case, filled with ashes, fragments of human bones, 
stone, shell and bone tools, various ornaments, spear and arrow heads of bone and 
stone, &c.,' were found. 

The island is a coral atoll, about 10 miles long and 5 wide. It is only about 10 
feet above the level of the ocean. The lagoon is surrounded by a fringe a quarter to 
half a mile in width on which is the plantation of cocoa-nut trees, for the production 
of the commercial article known as copra, owned by Greig brothers. 

The cable station is at the northwest part of the island at Whaler Anchorage, 
and the observatory with pier was erected near the cable station. (Sec Fig. 7.) 

Suva, Fiji. 

The Fiji group, comprising several hundred islands, is too well known to require 
any further description. The two larger islands, Viti Levu and Vanua Levu, are both 
mountainous and have extinct volcanoes. The red volcanic soil of Taviuni, reminding 
one of the soil of the Hawaiian islands, is very fertile. The sea surrounding the 
group is studded with coral reefs dangerous to navigation. The vegetation on the 
islands is tropical and luxuriant. Commercially the principal products are sugar, 
copra and green fruits. Among other products may be mentioned the vanilla bean 
and trepang or beche de mer, the latter for the Chinese market. The natives at 
one time the most ferocious cannibals are now docile under British rule. Bounteous 
nature makes them indolent, since their vocation — fighting — is gone. 

Two factors militate against the development of Fiji — one is, want of labour, and 
the other, the difficulty of acquisition of land, — all .the land, save a small part, being 
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still held by the natives and in common, so that there is great difficulty in securing 
land for cultivation. Suva, on Viti Levu. is the official capital, and the residence of 
the governor of the South Sea Islands. Xo military is stationed here, but a native 
constabulary is maintained. 

The observatory (Fig. 8) was built on the Pacific Cable i)remises (Figs. 9 and 10). 
The material used in construction was planed, tongueil and grooved flooring througrhout. 
The building is ten feet square, gable roofed, and has a three-inch opening around the 
eaves for circulation of air. This arrangement worked very well and prevented the 
instrument during the day-time becoming unduly heated. There were two shutters on 
each side of the roof, giving a clear opening of two feet. 

The pier was built of concrete. A cubic yard of concrete was sunk in the earth 
and the pier proper, 22 inches by 27 inches, built to a height of 30 inches above the 
floor of the observatory. It was learned afterwards that the ground upon which the 
pier was built had been filled in something over a year before to a greater depth than 
the excavation for the pier. This may in a measure account for the movement of 
the pier, although part of this motion is undoubtedly attributable to the tides. 
That is, the daily loading (twice) of the ocean bottom near the shore by high tide 
would have the tendency to tilt the ])i(*r towards the sea, which effect woiihl later 
be counteracted when low tide had set in. The pier is situativl IT feet west from the 
cable building (verandah), 42 feet north from the south limit of the cnblo lot, nnl 
11 feet from the edge of the s-ea at high tide. 

For the pendulum observations another similar pier but only 2 feet above the 
floor was built within a adjoining hut, 7 feet square, to the east. The south walls of 
the observatory and pendulum huts were in a straight line. The floors of the two 
buildings were 5 feet 8 inches above high tide, so that the pendulum bob was, say, 8 
feet above high tide. 

The tides at Suva harbour average between 3 J to 5 feet. 

For the magnetic station it was not so easy to find ideal ground. The ground 
has to be within reasonable distance from the observatory, to carry the instrument 
and chronometer to and fro. 

Corrugated iron has become a most important element in building oi)erations of 
the most diverse kinds in the tropics. It is used for roofs, for fences, in place of 
weather boards, and for many other purposes. Especially in Australia does corru- 
gated iron meet the eye at every turn. 

After examining the vacant grounds in Suva, the embryo park to the south of 
the cable premises was chosen for a site for the magnetic station. 

The local sun-eyor, Mr. G. Ileimbrod, who laid down a meridian for erecting 
the pier and observatory, al?o made the connection between the astronomic and mag- 
netic stations and gave the true azimuth of some reference points from the hitter. 
The Honourable Geo. Moore, Commissioner of Public Works, kindly placed a tent at 
my disjiosal for shelter to the instruments while observing at the magnetic station. 

Norfolk' Island. 

Historically this isolated island (about 9,000 acres) is best remembered as a 
Briti.sh penal colony, and later (1856) as the new home of the Pitcairn islanders, the 
descendants of the nuitineers (1780) of the ship Bounty, Cai)tain Bligh. In former 
days the island was the chief centre of the large whale fishing industry of the South 
seas. This industry has, however, nuich declined. Tlie best known product of the i.sland 
is the Norfolk island pine (Arauearia excelsa). An avenue of these trees is a superb 
siglit, but iji tlie individual tree the branches are rather ton far niinrt to give it a fin- 
isli('<l syiiiiiK'try and beauty. 

The cable ]and< at Anson bay at the nortlnvcstcrn i):jrt of the island, and the 
cable buildings are in close i)r()xiniity to tliu precipitous eliiT< of the shore. The 
obs(^rvat'>ry with pier was erected betwcMMi the cable building and connected in dis- 
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tance and azimuth to a stone monument as shown on the accompanying diagram 
(Fig. 11). 

Southport. 

The observatory built here was erected 30 feet southerly from the brick pillar 
supporting the water tank near the south entrance to the offices of the cable building. 
The magnetic station was in the vacant field of the cable premises and 186 feet south- 
v/nrd from the astronomic station (Fig. 12). The observatory was 10 feet square and 
bui't similar to the one at Suva already described. For foundation of the pier a cube of 
grouting was built in the earth, leaving its sideB free from firm contact with the earth. 
Th? pier 22 inches by 27 inches itself was built of brick with an inch cap of concrete. 

The alignment for the pier and observatory was obtained without the aid of in- 
struments by low north and south stars and a plummet, sidereal time having been 
diMluced from the noon mean time signal from the observatory at Brisbane. 

At this station, connection was made with the observatories at Brisbane and 
Sydney; and for this purpose, the land line in the cable ofiice was led to the observatory 
so that the clock and arbitrary signals during the nightly exchange with those ob- 
servatories could be recorded on the chronograph. 

The route line distance to Brisbane was 50 miles, and to Sydney, 773 miles. The 
conductor was of copper, weighing 200 lbs. to the mile. The line was cut through to 
Sydney direct during the exchange, that is, no relay was int^rpased between the ter- 
minal stations. 

Doubtless Bay, N.Z. 

At the foot of the deep bay of the above name the cable from Norfolk island lands 
on a sandy beach. Close to the cable station the pier and observatory were built (Fig. 
13). The foundation of the brick pier was in compact sand, and hence very satisfac- 
tory. The building and pier were of the same dimensions as those of Southport and 
Suva. 

A triangulation has been carried over the North island by the Survey Department 
of New Zealand. By instruction of the Surveyor General, Mr. J. W. A. Marchant, 
the district surveyor, Mr. V. J. Blake, made a connection of the triangulation system 
with the observatory, pendulum pier and magnetic station, as shown on the accom- 
panying sketch (Fig. 14). 

The country about the station is open and hilly. Much of the ground is covered 
with ti-tree scrub, and in the valleys the tree fern, cabbage tree and the kauri pine are 
found. Near the sea-coast on rocky exiK)sures scattered pohutukawas, or Christmas 
trees, with their beautiful, large, red flowers and glossy leaves are seen. The English 
na.ne of the tree was given because it flowers at that season. 

The rocks observed were strongly impregnated with iron. 

AUSTRALIAX LONGITUDES. 

Former Values. 
Australia. 

The transit of Venus in 1874 gave an impetus to the determination of longitudes. 
Some of these longitudes were determined by means of the telegraphic submarine 
cables, while others were dependent upon absolute methods, — moon culminations and 
occultations. 

To the latter belonged Sydney. Consequent to the German Venus expedition to 
the Auckland islands. Dr. A. Auwers recominited the voluminous data (mostly from 
Mr. Tebbutt and Mr. Russell) on hand for the longitude of Sydney, through which he 
laid the fundanwMital meridian for Australia. 

This gives the longitude of Sydney as 10^'- 04°*- 49«-60.* 
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In the joint report t of the government astronomers, Ellery, Todd and Russell we 
read: 'Some time prior to the transit of Venus, in December, 1882, we severally re- 
ceived communications from the President of the Royal Society, London, relntive to 
the telegraphic determination of the longitude of Australian observatories, which in- 
volved, as a first step, the telegraphic determination of the difference of lonpritude 

between Port Darwin and Singapore Singajyore being the initial point of 

these determinations, the actual longitude of Port Darwin and hence all Australian 
longitudes would depend on the accuracy of the assumed longitude of Singapore, which 
has twice been telegraphically det^^rmined — first, in 1871, by Dr. Oudemans, of Batavia, 
and Mr. Pogson, of Madras, and more recently, in 1882, by Commander Green, TTnited 
States Hydrographic Department. For reasons given in the appen<lix, we agreed, after 
full consideration, to accept Commander Green's jyosition of Flagstaff at Fort Can- 
ning, viz., 6*^* 55™* 23''-50. Reducing this to Captain Darwin's observing station + 1»:51, 
makes the longitude of Captain Darwin's transit instrument 6'*- 55™- 25' '01. The 
difference of longitude. Port Darwin-Singapore, determined by Captain Darwin and 
Mr. Baracchi, is 1^- 47™- 57»-48, making the longitude? of Port Darwin S^- 43™- 22»-49 E. 
of Greenwich.' 

The station at Port Darwin was marked by a masonry pillar 4x2x2 feet, upon 
which the transit stood, and is the origin of Australian longitudes. 

By means of the telegraph lines Port Darwin, Adelaide, Melbourne and Sydney 
were connected in longitude, and similarly by cable Melbourne with Hobart, and 
Sydney with Wellington, New Zealand. It must be remembered that up to this time 
in most cases, when the cable was used for the exchange and comparison of clock 
signals, the small deflecting mirror, throwing a beam of light on a scale, indicated 
the arrival of the signal impulse. This visual manifestation had then to be recorded 
in time, either by the * eye and ear' method or by tapjnng a key in circuit with a 
chronometer and chronograph. Comparison of chronometers over a cable by this 
means has not nor cannot have that accuracy obtained in more recent times by the 
exclusive use of the Thomson (Lord Kelvin) siphon recorder, to be described later. In 
the Bonibay-Aden-Suez, 1877 longitude, the siphon was used. 

In order to estimate the value of Australian longitudes it is necessary to examine 
the assumed position of Singapore upon which those longitudes rest. 

Mr. P. Baracchi, who was the observer at Port Darwin, and is now Government 
Astronomer, at Melbourne, for Victoria, presented a paper on ' The most Probable 
Value and Error of Australian Longitudes ' to the Australasian Association for the 
Advancement of Science, at the meeting in Brisbane in 1895. 

Mr. Baracchi has expended much labour in compiling from so many sources the 
required data, and has put the results in such compact form, that I avail myself in 
reproducing the greater part of it here. lie always gives the * mean error' instead 
of the * probable error ' as is customary in our work. The former is readily converted 
to the latter by simply multiplying it by '675. 

He writes: — I shall therefore commence at the beginning, viz., the prime meri- 
dian. The values of intervals, as given in Api)endix, Table 1, will be referred to by 
th<^ letters respectively attached to them. 

Longitude of Alexandria — Six different values — viz., (a), (&), (r), (d), (<») and ^ 
(f+f,) — inay be combined, giving three values for this longitude, two of which are 
quite independent. 

(a) Gre(»nwich-Mokattam. — This was determined by exchange of galvanic sig- 
nals between Greenwich and Porthcurno; Porthcurno and Alexandria (by joining the 
five lengths of cable, Porthcurno, Vigo, Lisbon, Gibralter, Malta, Alexandria) ; and 
finally, between Alexandria and Mokattam. Time oKservations were made with transit 
instruments at Greenwich, Alexandria, and ^fokattani, but those at Alexandria were 
not used for this interval. The observers were ^Ir. Criswick at (irocMiwicli, Mr. Ellis 



t Roport of the Telegraphic Determination of Australian Longitudes— Melbourne, 1886. 



ix REPORT OF TEE CHIEF ASTRONOMER 57 

SESSIONAL PAPER No. 25b 

at Porthcurno, Mr. S. Hunter at Alexandria, and Capt. C. Orde Brown, R.A., at 
.ACokattam. Transits were recorded by eye and ear at these two latter places. All 
j^alvanic signals were sent by hand, and observed by eye and ear. The operations were 
(rxocutod in November, 1874, on the four nights, 14th, 15th, 21 ?t and 22nd. The per- 
sonal equation in observing transits between Mr. Criswick and Capt. Brown was deter- 
mined before and after the longitude operations, and varied from 0*025 sec. to 0'655 
sec. — (8) page 288. 

(h) Alexandria-MoJi-attam. — (8) On the same four nights, November 14, 15, 21 
and 22, Mr. Hunter, at Alexandria, made transit observations with a portable transit 
instrument, in addition to exchange of signals with Mokattam. His station, which 
was on the roof of the Hotel de TEurope, does not seem to have offered the necessary 
stability for delicate work. Dr. Gill remark«i of this station — (7) page 63 — * The ob- 
server had to abstain from movement during each complete observation, otherwise the 
level was disturbed by the change of his position.' The personal equation of the two 
observers was determined after their return to England. At Alexandria the chrono- 
meti^r had to be carried to the telegraph office for exchange of signals, which was at a 
distance of about five minutes' walk. 

(c) Greenwich- Berlin. — Result of several determinations — (9) page 490. 

(d) Berlin-Malta. — Observers: At Malta, Dr. Low, chief of the German expedi- 
tion of the Transit of Venus, 1874, to Mauritius; at Berlin, the astronomers of the 
observatory, Drs. Becker, Auwers and Knorre. Dr. Low made time observations with 
a portable transit instrument, recording by the eye and ear. Galvanic signals ex- 
changed by hand on six nights in 1875, March 10, 11, 12, 13, 14 and 15. Personal 
equation well determined. Signals satisfactory — (9) page 360-393. 

(e) Malta-Alexandria. — Observers: Dr. Low at Malta, Dr. Gill at Alexandria, 
same station as Mr. Hunter's. Dr. Gill made his time determinations with an alt- 
azimuth. Operations repeated on the nights of March 10, 11, 12, 13 and 14 (1875). 
Personal equation of these observers well determined. 

The chronometers had to be carried to the telegraph station for exchange of sig- 
nals, as in the case of (&)— (9) page 306-320. 

(f) Berlin- Alexandria. — Direct measurement made on February 28, March 6, 7, 
10, 12, 13 and 14 (1875). Personal equations of the observers, known through Dr. 
Low; the observers being Dr. Gill at Alexandria, and the astronomers of the observa- 
tory at Berlin. This value was deduced by Dr. Copeland. It is remarked in (9) 
ihat the signals were unsatisfactory, and the combination of the two intervals {d) and 
(<?) was adopted in preference of the direct value — (9) page 320-348. 

{f^) Berlin- Alexandria. — Same operations as in (f). Value deduced by Dr. 
Auwers — (7) page 60. 

The three values for the longitude of Alexandria are: — 

h. m. sec. 

By the combination (a)-(b) 1 59 33-69 

(c)+((;)+(e) 1 59 33-827 

(c)+i [(f)+(pj 1 59 33-750 

The following values were adopted, viz.. — 

(9) Page 491— 
By Dr. Copeland 1^- 59°»- 33»-807 ] Mean error. 

(7) Page 60— [- mean 1*»- 59°»- 33» -846 d= 0« 078 L 
By Dr. Auwers.. .. V- 69°*- 33" -885 ) 

(8) Page 330— 

By British Transit of Venus Expedition . V- 59°»- 33» -69 =t= 0" -156 II. 
The values 1. and 11. of the longitude of Alexandria are independent. Their 
difference is 0-156 seconds. 

(g) Alexandria-Suez, — Observers: Dr. Low at Suez, Dr. Gill at Alexandria. 
Instruments for time determination, same as already stated above. Galvanic signals 
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exchanged on five nifrhts, viz., 1875, February 10, 20, 23, 24 and 25. Signals sent by 
hand; observations made by eye and ear. At both stations the chronometers had to be 
carried for some distance to exchange signals. Result computed by Dr. Copelaiid — 
dO page 492. 

(//,) Alexandria- Suez. — Same operations as in {(j). Result deduced by Dr. 
Auwers — (T) page 60. 

{Ji) Molcattam'Sucz. — Observers: Mr. Hunter at Suez, Captain Brown at Mo- 
kattam. The instruments usod by these observers have already been referred to in 
(fl) and (h). The signals were sent by hand, and the observations made by oye and 
ear. Operations repeated on four night, viz., 1874, December 4, 5, 7 and 14. The 
station used by Mr. Hunter was not the same as Dr. Low's station. The former 
a])pears to have given trouble on account of its instability. It is remarked by Mr. 
Hunter — (8) page 333 — * The only defect arose from the looseness of the soil, causing 
the lev(?l readings to vary a good deal.' The same complaint is also made by the 
officers of the Great Trigonometrical Survey of India, who used this station in 1877, 
viz., that their observations may be somewhat vitiated by the unsteadiness of their 
instruments, due to looseness of the soil — (12) page 45a. 

(i.) Difference of longitude Ix^tween Dr. Lr>wV and Mr. Hunter's stations at 
Suez. 

This was determined by Dr. Gill by time observations made by himself with 
Dr. Low's transit instrument mounted at one station, and with his altazinnith nionntetl 
at the other station, and by transportation of nine chronometers to and fro. The value 
thus found was 0*32 seconds — (9) page 202-266. 

(/,) The same interval as (t)» determined by a traverse under the direction of 
Captain (now Colonel) Campbell, R.E. ; its value was found to be 0*025 seconds — 
(^) pngft' 401 and (11) Appendix to Part II., page 109. The discordance between the 
two above values is 0*205 seconds. This may be probably accounteil for, or at least 
partly, by the length and complex character of Dr. Gill's operations, when compared 
with a simi)le traverse; and also by the circumstance remarked in (9) page 262, that 
* these operations re(iuired seven and a-half hours of continuous observing, involving 
great fatigue.' 

We have thus the two following independent values for the interval Alexandria- 
Suez, reduced to Hunter's station, by adopting value (i,), viz.: — 

h. m. sec sec. 

^(.9)'^{9,)\^h 10 39 -025 zt -082 

(h)-^{h) 10 39-481 db 0-160 

which differ by 0*456***^* 

The value for Alexandria-Suez, deduced from the two above, weighted in terms 
of their respective mean error, is — 

h. m. sec. sec. 

Interval Alexandria-Suez 10 39-120 zt 0-073. . .III. 

(/i) Suez-Aden. — Observers: Dr. Low at Suez, Dr. Gill at Aden. Time observa- 
tions at Aden were made with some difficulty; in fact, * opportimities for observing 
wore few and unsatisfactory ' — (0) page 5. At Aden, the distance between the observ- 
ing station and the telegraph office where signals were sent and received was nearly 
two miles. The operations were very limited, and the result depends on time observa- 
tions of the single night of January 31, and on the exchange of galvanic signals on 
the two nights of January 30 and 31. This result was computed by Dr. Copeland — 
(9) pages 196-227. 

(/.',) Siipz-Adcn. — Same operations as in CA-). Result given by Dr. Auwers — (7) 
pag»_' (51. 

(A-,,) Siiez-Acl('7i. — ObsiTvors: Captain (now Colonel) Campbell, R.E., at Suez; 
C^iptain (now Colonel) Ileaviside, U.K., at Aden. Station at Suez the same as ISFr. 
Hunter's. Station at Aden, a few yards north of the cable offices at Telegraph Hny. 
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riiese officers aimed at tho hiprhest refineinont possible, and had at their disposal the 
iieceirsary equipment and conveniences wherewith to attain their purpose — (11), Part 
I., Chapter I. Their transit instruments were of similar dimensions and workmanship 
(5" object plass, with collimators, and means of levelling? by mercury reflection, &c.)- 
They recorded observations by chronograph. Galvanic signals were always exchanged 
directly between the stations, being sent by hand, and simultaneously recorded on both 
chronographs. Their operations were repeated on the six nights of 1877, May 25, 26, 
27, 28. 29, and 30, giving very accordant results. Their personal equation was deter- 
minerl on four nights in April, 1877; and although it was not redetermined after the 
expedition, no serious conseciuences may be feared on that account. The observers them- 
selves are confident that it remained fairly constant — fll)* Part I., page 34. On the 
other hand, if their usual mode of observing was liable to sudden changes of con- 
siderable magnitude (of which there is no evidence), a redetermination after the 
ex]x^dition would have given very little help in finding the actual changes that took 
place at Suez and Aden. The only disadvantage in this measurement is to be attri- 
buted to the unsteadiness of the station at Suez, as already pounted out in (h) — (11), 
Part II. 

(/) Difference of longitude between Dr. GilPs and Captain Heaviside's station at 
Aden. 

This was determined by a careful triangulation, made under the direction of 
Captain Heaviside — (11) App., Part II. 

We have, then, for the interval Suez-Aden reduced to Mr. Hunter's station at 
Suez, and Captain Heaviside's at Aden — 

h. m. sec. sec. 

i i(Jc)-{-(k\)\-i,-l 49 42 -839 rt -120 

(kj 49 42 -662 =t -060 

The difference between these two independent results is 0*177 sec. Combining 
them according to their mean errors, we have — 

h. m. sec. sec. 
Suez-Aden 49 42 -697 dt 0-054 IV. 

The longitude of Aden, reduced to Captain Ileaviside's longitude station, may 
now be derived by combining the several values shown in the foregoing, in the manner 
adopted by Dr. Gill — (7) pp. 60-62 — omitting the value given for Alexandria-Mokat- 
tam, viz.: — 

Bv the British Transit of Venus Expedition of 1874, and the officers of the 
G. T. S. of India. 

h. m. sec. sec. 

(a) 2 05 06 -240 It -098 

(h).. . 05 06-931 rt 0-103 

(kj 49 42 -662 dt -060 

A 2 59 55 833^0154 

By Lord Lindsay's Expedition of 1874, and Dr. Low. 

1 1 59 33 -846=1= 0-078 

iUp)-^W)' 10 39 -000 zb -082 

i^(k)■^(k,)y 49 43-742 dt 0-120 

(/) — 00 00-877 ±=0- 

B 2 59 55-711 zt 0-105 

A 2 59 55 -833 dt 0-15 1 

B 2 59 55-7lldt0 105 



longitude of Aden (Capt. Ileaviside's sta.) 2 59 55-776 =t 0-113 
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Dr. Gill considered the mean errors of the two values A and B as equal, and adopt- 
e<. for the definitive longitude of Aden J (A + B) (7) p. 62, viz.: — 

Aden E. of Greenwich 2^- 59"»- 55«-TT2 zt 0-0T9**^- (should be 0-076«<*?) 

(w) Aden-Bombay, — Observer: Dr. Gill at Aden (GilFs station). The opera- 
tions at Bombay were conducted under the direction of Mr. C. Chambers, Superinten- 
dent of the Colaba Observatory-. Time at Bombay was determined bv a transit instru- 
ment 5 feet focal len^h. Records made by chronograph. Time signals sent by hand, 
and observed by eye and ear at both stations. These operations took place in 1ST5, 
on 31st January, concurrently with the determination Suez-Aden by Drs. Gill and 
Low; the time observations of this single night being all that could be secured at 
Aden. The personal equation between the observers not determined — (9) pa^es 182- 
195. 

(m,) Aden-Bombay.— OhsoTvevs: Captain Campbell at Aden, and Captain 
Heaviside at Bombay. This measurement was made with the same instruments and 
methods described in (A-„). The station at Aden was the same as that occupied by 
Captain Heaviside in determining the interval \k^J. That at Bombay was 0-134**^ 
east of the Colaba Obs<'rvatory transit instrument. The operations were repeated on 
nine nights in 1877— April 30, May 1, 2, 3, 4, 5, 7, 8, and 9— giving accordant 
results. 

The two values (m) and (m,) are quite independent. The former is based on 
observations and conditions not altogether satisfactory (as we have seen), with very 
limited time and great disadvantages, and involving the unknown element of the 
personal equation of the observers. The latter value (m,) is the result of elaborate 
operations extending over a period of nine nights, and made under the best iK>ssible 
conditions; yet these two results differ only by 0-03**^- 

(n) Bombay. — Difference of longitude between Captain TTeaviside's station and 
the transit instrument of the Colaba Observatory. This was determined by a traverse 
measured under the direction of Captain Heaviside (11). 

(o) Bombay-Madras. — Observers: Captains Campbell and Heaviside. Station 
at Bombay the same as that used for the interval (m,). That at Madras was 65 feet 
due north of the transit circle of the Madras Government Observatory. This interval, 
though not determined directly, is certainly as well ascertained as any other — (11), 
Part I. 

Its value is deduced from the telegraphic measurement of the diff'jrence of longi- 
tude of nine Indian arcs joining the six stations — Bombay, Bolarum, Bellary, Man- 
galore, Vizagapatam, Madras; the most direct route being Bombay-Bellary-Madras. 
(See diagram in (11) Part I., page 16.) The operations were executed by these 
officers in 1875-7G-77 through the land lines, using the same instruments as mentioned 
in (A*„). Time signals were exchanged automatically, and simultaneously recorded 
at the two stations. Every possible precaution was taken to guard against error, 
systematic or accidental, and the work generally was carried out with a completeness 
that leaves nothing to be desired. The result for this interval is shown in (11) Pre- 
face to, Part I., page (xviii.). 

We are now enabled to dedu(*o the longitude of Madras; but before doing so, I 
shall mention and consider another set of totally independent operations, which mnst 
be regarded as a powerful ch(K*k upon all others hitherto discussed — viz., the deter- 
mination of the longitude of Madras, via Ispahan- Kurracliee. Indeed, if it were not 
for the very limited and somewhat incomplete observations at Kurrachee, and tlie 
undetermined personal equation of the observers at Ispahan and ^fadras. this chain 
would 1)0 entitled to much greater weight than the one via Suez- Aden-Bombay, because 
it eoniKM'ts Afadraj^ with (ireeuwieh in four stej)?! including onlv five stations, three of 
which are fixed national (>l)servaturies, in addition to having the interval Kurrachee- 
^Indras rnensurcd twice independently. I regret that, with the excei)ti<)n of the opera- 
tions at Madras and Kurracliee, the details of the observations are not at hand; the 
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results given here being taken from General Addison's paper — (10) page 83, and (13) 
pages 47, 54, 81. The actually measured intervals are as follow : — 

(p) Berlin-Ispahan. — Observers: The astronomers of the Berlin Observatory, 
at Berlin; and Dr. Fritsch, chief of German Transit of Venus Expedition in Persia 
(1874), at Ispahan. The operations were repeated on eight nights — viz., November 
IG, 17, 18, 19, 20, 21, 23 and 27. 

(q) Ispahan-Kurrachee. — Observers: Dr. Fritsch at Ispahan, and Cieneral T. 
Addison, C.B., at Kurrachee. General Addison observed for time with a portable tran- 
sit instrument, and recorded his observations as well as galvanic signals by chrono- 
graph. Signals were exchanged on December 11 and 12, 1874. Personal equation 
between the observers not determined — (10) page 83. 

(r) Kurrachee-Madras, — General Addison at Kurrachee, and Mr. Xorman Pog- 
son. Government Astronomer, at Madras. Galvanic signals were exchanged on one 
night only — viz., December 13. The time at Kurrachee depends on the observation of 
three stars. Results given by General Addison — (10) page 83. 

(rj Kurrachee-Madras. — Same operations as in (r) ; value deduced by Mr. 
Pogson — (13) pages 47, 54, 81. 

(r„) Kurrachee-Madras. — This interval was determined indirectly through Bom- 
bay and Bellary and other Indian arcs by Captains Campbell and Heaviside in their 
usual excellent manner, as already spoken of. The operations were executed in 1880-81. 

(s) Difference of longitude between General Addison's and Captain CampbelFs 
station. The position of the former was -G"^*^* east of the station * used in the Great 
Trigonometrical Survey at that place' — (10) page 84. The position of the latter is 
described in (11) Part I., page 252, as being 61 feet north, and 152 feet=l" "65= 
Q.^^stc. ^ypgt, of t}^e * Telegraph Office Station,' which is a point * on the eastern ter- 
race of th(? upper story of the block of dwelling quarters standing in the angle be- 
tween Macleod road and Telegraph road, marked by a circle and dot engraved on the 
floor of the terrace, and connected with the Hill Stations A and Mutrani of the 
G. T. S.' It seems, therefore, that the * Telegraph Office Station ' is the one referred 
to by General Addison as being 0*6^**^' west of his observatory. 

We may now compare the three values (r), (ri), (ru) of the interval Kurrachee- 
Madras, reducing them all to the Telegraph Office Station of the Great Trigonometrical 

Survey. 

sec. h. m. sec. 

(r) + 0-60 = 53 06-82 

(rj +0-60 = 53 06-45 

(rj - 0-11 = 52 55-61 

The two values (r) and (r,) are derived from the same few and simple observations 
ol a single nights Their difference is 0-37^'*'- and has not been accounted for by the 
astronomers concerned. The value (r^,) is 11 •21'^*^- smaller than (r), and 10 •.84'*^*^* small- 
er than (rj. This large error was pointed out in (6), page 31. No doubt some cleri- 
cal mistake occurred somewhere, or the position of General Addison's station may be 
misunderstood; but to assume that this is a clerical error of ten seconds so as to make 
it a round number, as Mr. Pogson proposes — (13) page 81 — seems arbitrary. It is 
strange that in all these years we have never heard an explanation of this matter. 

The longitude of Madras is thus arrivt^d at by two routes, as follows: — 

Via Suez-Aden-Bomhay, 

h. m. sec. sec. 

Longitude of Aden (Gill) 2 59 55-772 =t 0-113 

Aden-Bombay (mj 1 51 19 -973 ztz -050 

Bombay-Madras (o) 29 43 -530 =t -058 

Longitude of Madras, VI 5 20 59 -275 rt -139 
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Via Ispahan-Kurrachee, 

h. m. sec. 

(c) 53 34-865 

(p) 2 33 05-44 

(q) 1 01 13-09 

i {(r) + (r,)> 53 06-035 

Longitude of Madras 5 20 59-430 . . .VII. 

It would appear from result VII. that the error at Kurrachee vanishes in the sum 
of the two intervals Ispahan-Kurrachee* and Madras- Kurrachee; in which case the 
results VI. and VII. compare very \vell indeed, consitlerinjr that the unknown personal 
equation (Fritsch-Pogson) is involved in VII. I think, however, that this latter value 
may not he used for any further purposes at present. It would be difficult to do pro- 
ItQT justice to it, even if favourable assumptions were made, which is always a danger- 
ous course. 

(0 Madras-Singapore, — Observers: Dr. J. A. C Oudemans, Surveyor-General of 
Java, at Singapore; Mr. Pogson, at Madras. This measurement was made in July. 
1871, by the exchange of galvanic signals, through the cable, on the evenings of 24th, 
2r)th, 26th and 28th. Mr. Pogson observed with the transit circle of the observatory 
and clock, but had to carry a mean time chronometer to the cable offices for exchange 
of signals at a distance of four miles. Dr. Oudemans made his time determinations 
on the 24th by observing zenith distances of two stars with a universal instrument. 
On thr» 25th and following dates the observations were made with a * broken tTansit 
instriunent' — viz., one of the form in which the eyepiece is at one end of the hori- 
zontal axis. He also had to carry his chronometer to the cable officii for exchange 
of signals at a distance of thr(»e-quarters of a mile. Observations at both stations were 
mado by eye and ear, no chronograplLs being used. The i)ersonal equation of the obser- 
vers was not determined — (13) page 11, and (15) ])age 69. The point to which 
Dr. Oudenums refern^l his longitude was the position of the flagstaff on Fort Canning 
in ISTl— see (15) page ()9, and (14) page 211. 

This result was deduced by Dr. Oudemans — (14) page 214. 

it,) Madras-iSinf/aporc. — Same o])erations as in (/). Kt^ult given by Mr. Pog- 
son — (13) pages 11-24 

(^„) Madras-Sin (JO pore. — This determination was made by Lieut. Commander 
C. M. Davis, T'^.S.X., at Madras, and Lieut. John A. Norris, U.S.N.. at Singapore. 
in 1S.S2; the o])erations being repeated on the iive nights of January 20, 21, 23, 26, and 
27. These officers made their time ol^ervations with the so-called * broken transit 
instruments,^ which ofFer the great advantage that the observer remains in the same 
position during observations of stars at all altitudes — a condition greatly favouring 
the constancy of personal eciuation. They exchanged galvanic signals directly from 
their huts, thus avoiding th(» danger of having their chronometer rates accidentally 
disturbed, and errors of comparison. They had chronographs upon which their obser- 
vations were reconled, and their i)ersonal equation was cimtinuously tested by * abso- 
lute personal equation instruments,' each observer being provided with one. This 
equation, however, was not introduced in the results, on account of its being always 
very small, and probably no gieater than its possible variations. Cable signals were 
observed by re11(M*ting galvanometers. The observers w(»re especially well trained for 
that (fbi'^s of work, having made t<^gether many longitude determinations in various 
parts of the world. Their plans were all prearranged and methodioally carried out» 
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and the excellence of their results is shown in the agreement of values deduced from 
each night's observations. The discrepancy between the values (f) and (^„) is 0*71 
seconds, and that between (^,) and (^„) is 0*51 seconds. The Australian astronomers, 
in their report — (6) page 31 — adopted the value (t,j), which course, considering the 
circumstances surrounding the two determinations of this interval, was no doubt the 
best. 

(u) Singapore to Port Darwin. — This interval was determined in 1883, the obser- 
vers being Captain (now Major) L. Darwin, R.E., at Singapore, and myself at Port 
Danvin. Captain Darwin made his time observations with the transit instrument 
previously used by the British Expedition of the Transit of Venus in New Zealand 
in 1882, and I observed with an excellent portable transit instrument (3J inches object 
glass). The observations were recorded by chronograph. Galvanic signals were ex- 
changed directly between the stations, sent by hand, and observed by reflecting gal- 
vanometer at each receiving observatory. Our personal equation was determined be- 
fore the undertaking at Melbourne, and experiments were made at Melbourne and 
Sydney to test our mode of observing and transmitting signals. Three different 
methods were used in exchanging signals, in accordance with the plan proposed by 
Captain Darwin, which was strictly adhered to throughout. This plan is d(»scribed in 
(6) page 20. The oiwrations were repeated on the nights of February 13, 14, 15, 22, 
23, 25, and 26. 

The two cable lengths Singapore-Banjoewangie and Banjoewangie to Port Dar- 
win were joined; and the signals, though passing through a distance of over 2,000 
miles, were satisfactory when the circuit was good. On some occasions they appeared 
unsteady; but the greater attention then required in observing them seemed to com- 
pensate for their inferior quality, as the individual results show. 

(r) Difference of longitude between the flagstaff on Fort Cannint? (nosition of 
1871) and Lieut. Norris' station at Singapore in 1882. This latter is the same as that 
occupied by Captain L. Darwin in 1883. This value is given in (15) page 68, and was 
determined by measurement by Lieut. Norris. The flagstaff was west of Lieut. Xorris' 
station. My station at Port Darwin was on the ground of the Eastern Extension 
Telegraph Company, 56 feet N. 40*22° E. of the veranda post at the northeast corner 
of the cable officer's quarters. It was marked by a masonry pillar 4x2x2 feet, upon 
which the transit instrument stood. This point is now the origin of the Australian 
longitudes (6). 

(m') Singapore-Banjoewangie. — Observers: Captain Darwin at Singapore, and 
Captain IL Helb of the general staff, Batavia. at Banjoewangie. Captain Ilelb made 
his time determinations by observing zenith distances with a portable universal instru- 
ment. Galvanic signals were exchanged on February 17, 18, 19, 21, and 23, 1883. The 
personal equation between the observers was not determined — (6) page 29. 

(Wj) Banjoewangie to Port Darwin. — This interval was determined by Captain 
Helb and myself. Signals were exchanged on four nights — viz., January 28, Febru- 
ary 1, 22, and 23, 1883. Personal equation between the observers not known. 

These operations were arranged at the request of the Dutch Government in order 
to verify the longitudes of Batavia. We were glad to have Captain Ilelb's co-operation, 
as it was not certain whether the direct signals between Singapore and Australia would 
be good enough for the purpose, and also as a check to our work. Captain Helb short- 
ly after sent all his observations in detail over to Melbourne, where they were found 
in every respect excellent. 

The two values {w) and (u;,) offer a partly independent value of the interval Port 
Darwin to Singapore, although the Banjoewangie longitude itself remains affected 
by the unknown personal equation of H. D. and B. The difference between the direct 
value (u) and the indirect one {w) + ijw^) is as follows, viz. : — 
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h. m. sec. 86o. 

(uO 42 06-78 It 0-076 

{w,) 1 05 50-84 rh: 0-091 

1 47 57 -62 

Personal equation (D.B.) -02 



h. m. sec. sec. 

Singapore to Port Darwin (indirect).. 1 47 57*60 =ti 0-119 | Difference 
Singapore to Port Darwin (direct) (u) 1 47 57 -481+1 0-046 ( 0-12««*- 

Tliese combined in terms of their mean errors give: — 
Singapore (Captain Darwin's station) — 

h. m. sec. sec. 
Port Darwin 1 47 57 -491+1 0-045 VIII. 

The longitude of Port Danvin may now be deduced, viz.: — 

h. m. sec. boc. 

Longitude of Madras (VI.^ 5 20 59 -275 z±z -130 

Madras to Singapore (^,).. 1 34 24-07 zt:0-04O 

{v) 1:61 =t= 

Singapore to Port Darwin (VIll.) 1 47 57-49 zt 0-04.5 

Longitude of Port Darwin (IX.) 8 43 22-34 z±:0-152 

(.r) Port Darwin to Adrlaide. — Observers: Mr. (now Sir Charles) Todd at 
Adelaide, and myself at Port Darwin. The observations at Adelaide were made with 
the transit instrument of the observatory. The exchange of galvanic signals here con- 
sisted in sending clock-beats to each otlier automatically (generally two sets of two 
minutes each), which were simultaneously recorded on the chronographs at tlie two 
stations, the chronograph of the receiving station rei»ording at the same time the 
beats of its own clock. The personal equation betwc^en the observers was dctermine<l 
on several occasions through Mr. E. J. Whit(», then Chief Assistant at the Melbourne 
Observatory, and directly in Melbourne. The operatioiks were repeated on six nights — 
viz., Februarv 14, 15. 22. 23, and 2(>, and March 2, 1883— (G) page 22. 

(</) M clhnu me- Adelaide. — The operations for this interval were carried out at 
the two observati:)ries under the direction of their respective government astronomers, 
Mr. Ellery and IMr. Todd. The observations were nuide by the latter at Adelai<le, 
and by Mr. E. J. White at Melbourne. Clock-beats (generally two sets of two minutes 
each) were exchanged, and simultaneously recorded on the chronograi)h of both sta- 
tions, &c., as in the case uf the interval {x). Port Darwin to Adelaide. Personal equa- 
tion between ^Messrs. Todd and White was determined sev(Tal timcjs. Comparisons 
made on five nights — viz., February 15, 17, 23, 20, and March 2 (1883). 

(j-,) Port Darwin to Mclhonrnt*. — Ob.s(TV(Ts: Mr. E. J. W^hite at Melbourne, and 
myself at Port ])arwin. The operations were (exactly similar to those described in the 
two preceding iutx-rvals. Time signals were exchanged on four nights — ^viz., February 
15. 23, 2<J. and March 2 (l^s3), tlu» individual results being very fairly accordant. 
The personal equation between th(? observers was determined before and after the 
exiK'dition — («)) ])age 22. 

The value (.r,) ought to be equivalent to the sum of (.r) and (?/). 
We have, in fact — 

h. m. sec. sec. 

Adelaide to Port Darwiu (a:) U 30 57*SO±iO-U4i 

Melbourne to Adelaide C/y) 25 33 -84 =^ -0.50 

Melbourne to Port Darwin, indirecl 56 31*0)4 

Melbourne to Port Darwin (x,). dinci.. . . 56 31-06=±0-044 
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(z) Sydney- Melbourne. — This iuterval was measured five times by direct con- 
nection of the observatories between the years 1861 and 1884. The operations consist- 
ed, as usual, in the automatic exchange of clock-beats, producing chronographic re- 
cords at the two observatories, and in time determinations made with the transit 
circles of these institutions, the whole under the direction of the respective govern- 
ment astronomers. An indirect determination was made in 1868 through the longi- 
tude station at the western boundary of Victoria, of which more hereafter. 

The last indirect measurement took place in 1887, through Mr. John Tebbutt, 
private observatory at Windsor, New South Wales. Mr. Tebbutt made his time deter- 
minations with a small transit instrument; sent his signals by hand from the local 
telegraph office, which is at a distance of ( ? ) miles from his observatory, using a mean 
time chronometer, and observing the incoming signals by coincidence of beat. TTis 
operations were conducted with great care, and gave very satisfactory results. 

The astronomers at Melbourne give great weight to the value of 1861, and to those 
of May and August, 1884. The mean of the five independent values is 24™- 55 •408'**'**- 
The mean of the last two is 24™- 55-395^-,' and that of 1861 is 24™- 55-38«^^- The 
value 24™- 55-40*®*^- was adopted in (6) page 24 as the most probable. We may now 
conclude the longitudes of the three principal observatories east of Greenwich on the 
evidence of the telegraphic method alone, as follows, viz. : — 

h. m. sec. sec. 

Longitudes of Port Darwin, IX 8 43 22 -34 it -152 

Port Darwin to Adelaide Obseryatory (x) . . 30 57 -80 dt -041 

Longitude of Adelaide Observatory, X. . . . 9 14 20-14 dt 0-157 

Melbourne- Adelaide (t/) 25 33 -84 ri= -050 

Longitude of Melbourne Observatory 9 39 53*98 z+= 0-165 

Longitude of Port Darwin, IX 8 43 22 -34 zt: -152 

Melbourne to Port Darwin (x,) 56 31 -65 ziz -044 

Longitude of Melbourne Observatory, XI.. 9 39 53 -99 db -158 

Sydney-Melbourne (z) 24 55 -40 dt 0-091 

Longitude of Sydney Observatory, XII 10 04 49 -39 =t 0-182 

Probable amount of Uncertainty of the Aitstralian Longitudes. 

It renmins now to be seen with what degree of confideuee the given n^snlts un\y be 
taken. 

The theoretical errors attached to the longitudes of Adelaide. Melbourne and Syd- 
ney, found above, are resi^ectively =±iO-157'^*, dt 0-158*^-, and =+= 0-182'^*'' It has 
already been stated that these errors represent only that part of the probable uncer- 
tainty due to the disagreement of separate results of the same measure derived from 
each night's work when compared with their mean value. It would appear then that 
the really and purely accidental errors incurred in each single night of the period 
upon which a longitude result depends are fairly measureil by the theoretical errors; 
or, if this measure is not quite satisfactory, is at least the best that can be obtained. 
But there may be involved systematic errors conmion to all the nights of that period, 
some of which are beyond the reach of investigation, and others that might possibly 
be discovered only by delicate and continued experiments in fixed institutions, but not 
in the temporarily arranged longitude observatories. 

Altered personal equations at each new place of observation, instrumental changes, 
flexure, physical peculiarities of the localities, and many other known and \mknown 
causes may bring in systematic errors not easily discovered. The theoretical error 
has no concern in these matters, and gives no help. It is when new instruments and 
new observers are employed in different years, so as to make the redeterminatioiLs 
entirely independent, that the existence of these systematic errors is revealed, if the 
results do not agree. But even then it is difficult, if not sometimes impossible, to 
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locate them. There are, besides, inaccuracies the causes of which are traceable, sucb 
as unsteadiness of stations, imperfect adjustment of electric instruments, changeable 
strength of circuits, level imperfections, unfav^ourable conditions such as having to 
carry time pieces to a distance, and others ; but their effect can only be made evident 
by new measurements. 

Every determination of differential longitude, however short the interval may be, 
is weakened by at least some of the causes here enumerated. 

Admitting consummate skill in the great majority of the observers concerned, we 
may then look at the conditions und(?r which this long longitude chain, Greeuwich-Aus- 
tralia was d(ivoloped, in order to s(*e where its deficiency in strength is more esp<K;ially 
to be feared. 

There appears to be at first a natural division at Aden. The three intervals on 
the western portion wore all measured twice, the results giving, as we have seen, the 
following discordances : — 

sec. 

(ireenwich-Alexaiidria 0*150 

Alexandria-Suez 0*456 

Suez-Aden 0*177 

Indeed, remembering the circumstances, these differences seem very small. Yet, 
although the aggregate (^ror in the Aden longitude may not be more than one-fifth 
of their sum, it would not be unreas(Uiablc to suspect that it may amount to half a 
second of time or even more, for the unsteadiness of the stations at Alexandria and 
Suez and the great variations in the personal equation of the observer at Mokattam are 
serious matters. 

The operations east of Aden all along to Australia were decidedly made under 
better conditions and witli more complete equipments, and, unlike the others Cwhich 
were only chiefly made for the i)urposes of the observations of the Transit of Venus), 
they were intended for the establishment of fundamental longitudes. 

The portion from Aden to Madras dei>end« on the elaborate and refined operations 
of the officers of the Great Trigonometrical Survey of India, of which the interval 
Aden-Bombay, with its two ind(»p<mdent and t^xtremely accordant values, obtained under 
such uneven share of advantages, offers a remarkable instiinee of how a good result 
is sometimes found where we might be ju>'tiiied by the nature of the case in giving it 
but little weight. 

From Bombay to ^[adras the telegraphic results, though in every n^sj^ect highly 
trustworthy, are not corroborated by any other entirely ind(;peudent telegraphic deter- 
mination. It appears also that the ge()d<*tic value of this interval, deriveil from the 
principal triangulation, is 12''*29=n:0*819'^*^- in excess of the telegraphic value, the 
difference being partly attributed to local attractions — (11) Preface, page xviii. 

Up to this point we have another test for the whole of the operations in the longi- 
tude chain via Berliu-Ispahan-Kurrachee, and but for the doubts attached to the 
Kurrachee station this test would be invaluable. 

We have now the determinations ^I ad ras- Singapore of 1871 and 1882. It is not 
unfair to assume the suix^riority of the latter value. The chief weakness of the earlier 
one arises, perhaps in the carriage of the chronometers to considerable distances for 
the exchange of signals, and in the unknown personal equation of the observers. 
Then* is a difference of more than half a second of time between the two results, and 
it is not quite certain, though most probable, that the whole of this error is attribut- 
able to the observations of Dr. Oudemans and Mr. Pogson, The interval Singapore to 
Port Darwin depends solely on one set of operations — viz.. those of 1883. I can only 
sny that llie observers felt satisfied about the quality of their work: but still the 
ree<Mving of galvauie sijinals In' observing the suddc^u motion of a beam of light not 
always regular or well defined, involves greater uneerfninty tlinn transit observations, 
and may be subje<*t to eoinparatively large variations in it^ amount. The result is 
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partly chcu.'ked by the two separate intervals formed by the intervention of Baujoe- 
wangie, but is not corroborated by entirely indepedent operations. The diif:?rence 
between the direct and indirect result is 0-12'*^- 

There remain now the Australian operations. In the two intervals Port Darwin 
to Adi'laide and Port Darwin to Melbourne, the unknown error of the residts rests 
almo>t entirely on the time determinations at Port Darwin, as the exchange of signals 
was entirely automatic, and transit observations at the fixed observatories involve very 
little uncertainty. 

The various measurements of the interval Sydney-Melbourne, as we have repeat- 
edly observed in these pages, range from 24"™- 55 •lO'*''- to 24"^- 55 -SI****, which may give 
reason to suspect some unknown disturbing cause interfering with this kind of work. 
Fortunately, fresh determinations may be frequently reix^ated without inconvenience, 
and I beli(?ve it is the intention of the government astronomers of these colonies to 
make arrangements for that purpose. 

We have, finally, the boundary longitudes. 

lien? an (»rror of more than half a second of time was disposed of in what was 
thought the only i)oasible way under the circumstances; but it doef. not by any 
means clear the doubts attached to the discrei)ancies produced by the operations of 
18C8. 

These are the principal fucts upon which an opinion is to be formed as to the 
amount of uncertiiinty inherent to the adopted results. 

I think that the h)ngitudes of the Australian observatories may be accepted as 
true only within one second of time. 

Poasihlr Improvements of the Adopted Values, 

No doubt, even with the present means of astronomical science, the Australi in 
longitudes couhl be strengthened by a new determination of the longitude of Aden, 
as recommended by Dr. Gill, and of the interval Ispahan-Kurrachee. The import- 
ance of these open^tions could not be overrated, and it is to be hoptnl that they will 
b(» undertaken at the first opportunity. 
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(iieenwiit]i-.\rokntt:uu (Cain>). 

AIexan<riu ( Hunter h station) to Mokattani. 

Clreenwich-Iierlin (Transit Circle). 

Berlin- Malta. 

Malta- Alexandria. 

Berlin- Alexandria. Dr. Coi>eIandV vahie. 

IWrlin -Alexandria. Dr. Auwers' vahie. 

Alexandria ( Hunter *8 station) to Suess vl>>vi-'s station). Dr. Coi^r- 

land*K value. 
Alexandria (Hunters station) to Suez (LiiwM station). Dr. 

Auwers' value. 
Mokatt4im-Suez (Hunter*s station) 

Suez (Hunter 6 station, east of L<»w*s station) to Dr. OiU*s deter- 
mination. 
Suez (Hunter 8 station, east of Low's station) to Captain Caui;< 

hell's traverse measurement. 
Suez (Ij<'>w's station) to Aden ((fill's station). Dr. CopelamlV 

value. 
Suez (I^iw's statitm) to Aden ((liirs station). Dr. AuwerH* valiH>. 
Suez (Hunter's station) to Aden (Heaviside's station). 
Aden (Gills station, east of Heaviside's station). 
Aden ((bill's station) to Ik>mbay (Chamber's station, Colaha OUscr- 

vatory). 
Aden (Heaviside's station) to Bombay (Heavi8ide*8 station). 
Boml»ay to Captain Heaviside's station (east of the Colaba Obs t- 

vatory Transit Instrument or Chaml)er's station). 
Bombay (Heaviside's station) to Madras (Observatory Transit 

Circle). 
Berlin -Istxahan. 

Isfjahan- Kurrachee (Addison's station). 
Kurrachee -Madras (.Addison and Pofj^n). General Addison'f 

value. 
Kurrachee- Madras (Addison and Po^m). Mr. Pofi^son's value. 
Kurrachee (Captain Campl)eirs station) to Madras Observatory. 

Determination by the officers of the G.T.S. 
Kurrachee (Campbell's longitude station, west of Addison's statioDl 
Madras (Observat^iry) to Singapore (flag staff on Fort Gannitf:* 

1871). Prof. Oudemans* value. 
Madras (Observatory) to Singa|>ore (flag staff on Fort Canning. 

1871). Mr. Pogson's value. 
Madras (Ol>s«jr vatory) t<» Singapore (Lieut. Norris' station). 
Singapore (Lieut. Morris' and Captain Darwin's station) to Pi^l 

Darwin (Baracchi's station). 
(Lieut. Norris' station is the same as Captain Darwin's station). 

(Darwin's station, eastof flag staff on Fort Canning, 1871). 
Singapore (Darwin's station) to Banjoewangie (Capt. Helb's). 
Banjoewan^e (Helb's station) to Tort Darwin (Baraoohi's statirni). 
Port Darwin (Baracchi's station) to Adelaide (Observatory). 
Melbourne (Olwer vatory) to Adelaide ((Observatory). 
Port Darwin (Baracchi*s station) to Melbourne (Observator}*). 
Sydney (Ol)servator>') to Mellwume (Observatory). 



II. — List of Works Consulted, 

(1) Report on the Detenniimtioii of Dilfercnces of Lonjj:itu<le in the West Indies 
an<l Central America. By Lieut. -Commander F. M. (ire<'n, U.S.X. 
{'2) Smithsonian Contributions to Kno\vledge, No. 223, vol. IG. 
(.*^) Astronomisehe Nachrichten, Xo. 2G36. 
(4) United States Coast Survey Report. App. IS. 
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(5) Royal Astronomical Society, vol. 51. 

(()) Rejwrt on the Telegraphic Determination of Australian Longitudes, via 
Singapore, Banjoewangie, and Port Darwin. 

(7) Annals of the Cape Observatory, vol. i.. Part IT. (Dr. Gill.) 

(8) Account of Observations of the Transit of Venus of 1874. (Edited by Sir 
(li'orge Airy.) 

(9) Dunecht Observatory Publications, vol. iii. (By the Earl of Crawford and 
H ilcarries.) 

(10) Royal Astronomical Society, vol. 38. (General T. Addison, C.B.) 

(11) Account of the Operations of the Great Trigonometrical Survey of India, 
vol. ix. (General J. T. Walker, C.B., R.E., F.R.S., &c.) 

(12) Report of the Great Trigonometrical Survey of India for 1876-77. 

( 13) Telegraphic Determinations of the Difference of J^ongitude between Karachi, 
»5cc., and the Government Observatory, Madras. (By Norman Pogson, C.I.E., F.R.A.S., 
<!tc.. Government Astronomer.) 

(14) Astronomische Nachrichten, No. 2486. (Prof. J. A. C. Oudemans.) 

(15) Telegraphic Determination of Longitudes in Japan, China, &c. (By Lieut. 
Commanders F. M. Green and C. IT. Davis and Lieut. J. A. Norris, F.S.N.) 

(16) Royal Astronomical Society, vol. xlviii. (By John Tebbutt, F.R.A.S., &c.) 

(17) Report on the Determination of the Boundary Line of Colonies of South 
Australia and New South Wales. (By Charles Todd, F.R.A.S., Observer and Super- 
intendent of Telegraphs, South Australia, 14th December, 1868.) 

Since Mr. Baracchi compiled the preceding, a fresh determination, Greenwich- 
Madras via Potsdam, has been made (1894-96) by Capt. Burrard and Capt. Conyngham, 
and still later (1903) a re-determination of Greenwich-Potsdam, whereby the preced- 
ing suffers a small correction so as to bring Capt. Burrard's value for Potsdam in 
accord with that of Professor Albrecht. From the recently published details of Profes- 
sors Albrecht and Wanach's work, it would appear that we now have a practically 
absolute value for the difference of longitude Greenwich-Potsdam, and hence Berlin, 
that will not suffer material correction. 

The meridian of Madras is the one of reference for the Great Trigonometrical 
Survey of India, and on its position the one of Singapore rests. 

For over a century observations have been taken, from time to time to determine 
the longitude of Madras. In 1891 the survey of India had not adopted the then best 
value, so that at the International Geographic Congress held at Berne in that year the 
question arose, why the known error in longitude of 2' 30" was not corrected on the 
Indian maps and chart^:. This gave rise to a discussion in India and the whole longi- 
tude work was reviewed, with the result that a determination de novo was decided 
ui>on, carrying the work directly from Greenwich via Potsdam, Teheran, Bushire and 
Karachi, where connection was made with the three arcs of the Great Trigonometrical 
Survey between Karachi and Madras. This is the work referred to above and carried 
out in 1894-96. 

In Volume xvii.. Appendix No. 2 — Great Trigonometrical Survey of India, 1901, 
Major S. G. Burrard, R. E., tabulates the various indei>endent values of Madras into 
Series A, B, C, D and E. 

Series A leads via Pulkowa to Vladivostock, with thirteen links, carried out by 
the Russian general staff, and thence by officers of the U.S. navy via Shanghai, Hong 
Kong, St. James, Singapore to Madras. 

Series B was obtained in connection with the German Transit of Venus expedi- 
tions of 1874 and 1882, but owing to some serious error at Karachi, its value is re- 
jected. 

Series C gives the results of the most recent (1894-96) determination and the de- 
tails are given in Capt. Burrard's report. The value for Madras of this series, cor- 
rected for Dr. Albrecht's value of Potsdam will be used for deducing Singapore. The 
di:!erence between this new value for Singapore and the one adopted in the Singapore- 
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Port Darwin deterininatioii will be applicnl to the present value of Sydney, Bmbaiie, 
and Wellingfton for comparison with the Canadian lonpritudes brougrht across the 
Pacific. 

Series D. — This leatls via Berlin, !Malta. Alexandria, Snez, Aden, Bombay and 
Bellary to ^fadras. 

Mr. (now Sir) David (iill, who was on(^ of th(^ observers on this series, writes in 
vohnne I. of the Annals of the Cape Observatory: * Tn the case of Lord Lindsay's 
Expedition (i.e. of Series D.) the observations lay no claim to high refinement. They 
were made throughout in the open air, with small portable instruments, which in the 
casp of Alexandria were placed on the roof of a hotel, when* the observer had t^ 
abstain from movement during each complete observation, otherwise the level was 
disturbe<l by the change of his position. At Aden and Alexandria the chronometers 
had to be carried a long distance between the observing station and the telegraph 
office. The observers were without i)ersonal assistance and the crucial observations 
for time had often to be made under conditions of extreme fatigue, amounting «»n 
one or two occasions nearly to exhaustion on the part of th(» obs(»rver engaged. In fact 
the character of the work was only such as it was i)ossible to organize and execute en 
route, and the results fully realized the accuracy exi)ected from them.' 

Series K. This leads from (ireenwieh to Moknttam (Cairo) and thence to Suez 
and Madras as in S(?ries D. 

This seri(*s, too. Sir David (lill considers wanting i;i tint refinement essential f^r 
fundamental longitudes. 

The residt of the tive series of operati{ms, Capt. Burranl tabulates as followa: — 

IjonKitudo of Madras Probable Krror. 
h. m. sec. sec. 

S<Ties A 5 20 59 -TnO nr-ir.r. 

H 59 dO =firJ3 

C 59-.i:J7 =t=-022 

D 59-23;) =+=-127 

E 59-421 zt:-123 

On th(» first link Or(vnwieh-Pots<lam of Series C, there is a check by another 
determination. 

The adopt(»<l value of B<»rlin. as given in the Berliner Jahrhuch, up to 1003 is 
()•'• 53"'- 34-91(r^- 

Berlin-Potsdam, !'"• IS •721***^-, Asiron, (leod. Arbeiten in 1891. Longitmle 
F'ntsdam. ()''• 52*"- ir)-lS9«'<^- By Series C, 0»'- 52"»- 15-953»^^-, Vol. xvii. p. 20S G. T. S. 
India, or •234'^*'- le-ss than the German value. 

The value of Potsham of Series C, 0''* 52'"- 15 •953''*'*'- is the mean of the two values 
Oil. 52m. I5.f523«'^- and 0'»- 52°»- 16-283'^'^-, obtained by c-xchange of stations by the ol^ser- 
vers Capt. Burrard and Capt. Conyngham. This gives a diffen^nce of •6K0*^* be- 
tween the two results, and the personal equation is half, or •.330**^-. a quantity larger 
than had been obtaine<l by direct observation therefor both at (ireenwieh and in India. 

In 1903 a re-determination of (ire<*nwich-Potpdam was carried out by Dr. 
Albrecht and Mr. Wamich. Stations were exchangtHl and the olxservations made with 
a Repsold registering microm(»ter. The whoh* work was carried out with so high a 
<l(*gree of refinement, that it is not probaV)le that the work will ever require revision 
or repetition. 

From the above 1903 determination, we have Pot>dam 0''- 52™- ir)-051*«^ zt-OOS'^"^- 
p.p.* or -09S'**'''- more than that of series C, and •13S***- less than the former Gorman 
value. 

New ZrnJnnd. 

Tu volume 35 of the Transactions of th<' Xew Zealand Institute, "Nfr. T. King. 
obs«Tv«'r at Wellington, gives a full accnnut «»f the various determinations made for 
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the longitude of a prime ineridian for New Zealand. This meridian, passing through 
the former Mount Cook observatory, is the one to which the surveys of New Zealand 
are referred. It may be remarked that the observatory was not on or near the well- 
known Mount Cook of the South or Middle island, but in Wellington on a site now 
occupied by prison buildings. 

The longitude hitherto adopted for that meridian is 11''- 39™- 09 •92^*^*^-, derived from 
moon culminations, 1869-71. In 1876 a telegraphic difference of longitude was obtain- 
ed between Sydney and Wellington by Moi?srs. Russell and Stock. However, as the 
accurate longitude of Sydney was at that time in doubt, no definitive meridian for New 
Zealand resulted from the 1876 work. 

In 1883, as already noted, Sydney was connected with Greenwich by a chain of 
telegraphically connected stations entering Australia at Port Darwin, and the result- 
ing longitude was 10^- 04"™- 49-54»«<^t 

In the same year Messrs. Russell and Adams connected Sydney with Wellington 
(:>rount Cook station), obtaining a difference of longitude 1"- 34™- 16-983»^- =ir-020«^<^ 
(A very full and interesting account of this good work is given by Mr. C. W. Adams 
in the report on the surveys of New Zealand for the years 1883-84.) 

This gave for the longitude of Mount Cook Initial Station, 11^- 39™- 06-52'»^- 

This value is less than the hitherto accepted value by 3 -40*^*^-, or 51 seconds of arc. 

By triangulation a connection has been made between the Mount Cook station and 
tha present observatory, both in Wellington, The latter was found east of the former 
1 •21*^-, so that the longitude of the present Wellington Observatory, is 11^** 39™- 
05 -31*^*^- east of Greenwich. 

This value is based on : — 

1883, Wellington-Sydney. Adams and Kussell. 

1883-84, Sydney-Melbourne-Port Darwin. Ellery, Todd, Russell, Baracchi. 

1883, Port Darwin-Singapore. Baracchi, Capt. Darwin. 

As Singapore is dependent upon Madras, whose longitude has already been dis- 
cussed, all New Zealand longitudes, by accepting the last quoted longitude for Welling- 
ton, will be affected by any change in the value of Ikfadras. Although the 1883 value 
for Mount Cook initial station was at the time considered definitive, yet its value has 
not for a period of twenty years thereafter, been introduced on the Admiralty Charts 
(except on No. 1423) nor on the maps of New Zealand. This was due to the great 
labour involved in changing the engraved plates. 

Mr. T. King in his report,* writes : * I undertsand, however, that the Surveyor 
General purposes taking advantage of an intended re-issue of the Department maps to 
revise the longitudes on the basis of Mr. Russells and Mr. Adams' determination.' 

The change of longitude by the 3 •40"*^-, will shift the topography relative to the 
meridians about three quarters of a mile to the west. 

LATITl'DK. 

For the differential longitude determinations, the value for the latitude enters 
only for computation of the* star factors, and was not required to be of such accuracy 
as in geodetic computations. 

Vancouver. — The value used was that of former years, this station having been 
occupied at various times for longitudes in British Columbia : — 

0=40° 17' 48" 

Fanning Island. — Mr. Werry observed here 29 pairs of stars between tiie 19th 
April and 11th May, 1903, Talcott's method, and obtained the value: — 

0=+3° 54' 37"-53=±z"-015 

t Report on the Telegraphic Determination of Australian Longitudes.— Melbournr>. 1886. 
♦ Trans. New Zealand Institute, Vol. 35. p. 446. 
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Suva, Fiji. — Between June 27 and July 27, 1903, Dr. Klotz obtained here 28 pairs 
of stars from wliieli the latitude was found to be: — 

0=-18° 08' 45" -02=1=" -014. 

NorfoUr Island. — Mr. Werry observed here 28 pairs of stars between Sept, 17 and 
23, 1903, jiud obtained the value: — 

0= - 29° 00' 28" -91=!=" -014. 

Southporf, Queensland. — The transit instrument not being available for latitude 
work on account of the broken micrometer thread, several ol)servations for latitude 
were taken by the method of observing pairs of stars at eastern and western elong- 
ation respectively, with a 6-inch transit theodolite, kindly loaned by Mr. A. A. Spf>wers, 
Chief Surveyor, Brisbane. 

The mean value of three pairs was: — 

= -27° 58' 53". 

Brisbane. — The iM:)sition of the obsc^rvatory, when* the observations were taken is 
(given in the Nautical Almanac): — 

<^ = -27° 28' 00" 0. 

Sydney. — The position of the observatory, where the obscTvations were taken is 
( given in the Nautical Almanac) : — 

<^ = -33° 51' 41" 1. 

Wellington. — The position of the observatory, where the observations were taken 

is:-- 

0=-41° 16' 47" -1. 

Doubtless Bay. — The observatory here was connected, through the courtesy 
the Surveyor General, J. W. A. Merchant, by Mr. Vincei^t J. Blake, Govevnmemi 
Surveyor, with Station 20 of the triangulation system, spread over the North Island. 

The latitude of Station 20, based on initial Station Mt. Cook at Wellinuton, \\± 
furnislKMl by tlie Surveyor (Jeneral under date November 11, 1902, as— 

<^ = -34° 58' r>8"-l 

Applying it to Mr. Blake's survey we have: — 

Station 20 — A - 22" -87 

Station A -34° 59' 20" -97 

Station A — Observatory - 1"*07 

Observatory - 34° 59' 22" 04 
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5-6 EDWARD VII., A. 1906 



Station : Vanoouvkr. 



TRANSIT OBSERVATIONS. 

Date, April 15th, 1903. 



Observer: Otto Klotz. 
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5-6 EDWARD VII., A. 1906 



TRANSIT OBSEKVATIONS. 



Station : Vancouver. 



Date, April 18th, 1903. 



Observer : Otto K lot/. 
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TRANSIT OBSERVATIONS. 



Station: Vancouver. 



Date, April 21 st, 1903. 



OU»erver : Otto Kix)TZ. 
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5-6 EDWARD VII.. A. 1906 



Station : Vanc^uvkr. 



TRANSIT OBSER VAT JONS. 

Date, April 2:^, 1903. 



ObHerver: Otto Klot/.. 
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5-6 EDWARD VII.. A. 1906 

-Suva. Fiji.— Bi^Uveen June 27 and July 27, 1903, Dr. Klotz obtainc<l liore 28 pairs 
of stars from which the latitude was found to be: — 

<^=-18° OS' 4r)"-02=t"-()14. 

Norfolk Island. — Mr. Worry observed hero 28 pairs of stars betw<MMi Sept, 17 ami 
23, 1903. nnd obtained the value: — 

<^=-29° 00' 28" -91 It" -014. 

Soathport, Queensland. — The transit instrument not being available for latittulo 
work on account of the broken micrometer thread, several observations for latitude 
were taken by the method of observing pairs of stars at eastern and western elong- 
ation respectively, with a G-inch transit theodolite, kindly loaned by Mr. A. A. Spowors, 
Chief Surveyor. Brisbane. 

The mean value of three pairs was: — 

<t>=-27° 58' 53". 

Hriiihane. — The position of th<* observatory, where the observations were taken is 
(given in the Nautical Ahnanac) : — 

</) = -27° 28' 00" -0. 

Sydney. — The position of the obs(irvatory, win re the observations were taken is 
( given in the Nautical Almanac) : — 

</)=-- 33° 51' 41" 1. 

Wellington. — The position of the observatory, whc^e the observations were taken 
is: — 

</)=-4r IC 47" -1. 

Doubtless Bay.— Thv observatory here was connected, through the courtesy of 
the Surveyor General, J. W. A. ^larchant. by :Mr. Vincei/t J. Blake, Government 
Survt'yor, witli Station 20 uf the triangulation system, spread over the North Island. 

The latitude of Station 20, based on initial Station :Mt. Cook at Wellington, was 
furnished by the Surveyor (Jeneral under date November 11, 1902, as — 

</) = -34° 58' r>8"-l 

Applying it to Mr. Blake's si^rvey we have: — 

Station 20— A - 22" -87 

Station A -34° 59' 20" -97 

Station A — Observatory - 1"'07 

Observatory -34° 59' 22" -04 
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Station : Vancouver. 



TRANSIT OBSERVATIONS. 

Date, April 10th, 1903. 
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5-6 EDWARD VII., A. 1906 
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TRANSIT OBSERVATIONS. 

Date, April 15th, 1903. 



Obfierver: Otto Klotz. 



Star. 



O 



E 



127. . . 
,129... 
132. . 
133... 



c o 



Transit , ^ 
over mean of ** <a ^ 



threads. 



5 O ' 
^ /<\ ^ 



3 

C 



c 

3 



1 
o 



S 



h. ni. H. 

8 41 :« 51 
51 04 82 
55 09 (-.7 
57 49 33' 



134 9 10 08 04 -r 



1136. 
137. 



15 57 971 
24 09 32 



8 




R. 1 


+ 


03 


+ O4I 


-r 


02 


+ ()8' 


+ 


04 


+ \)2 


4 


04 


•00 


-•- 


02 


+ 08 


+ 


03 


+ 03 


-i- 


15 


-•41 



8. 

-r 03 
+ 03, 

- -04 
+ '04i 
^03, 



r= 



8 
O 

si 




R. A. 




Q 



+ 
-f- 



W 



142 41 10 07 

423 56 54-47' 

145 10 02 52 00, 

148 12 C715i 

149 1 17 22 68 

426 23 06 11' 

150 27 43IO1 



•08 
06 
07 

•(►8 
11 
10 
31 



+ 



05 
07 
•06 
05 
+ 02 
+ 03 
-•21, 






04 

■21 1 

03 
031 
03 
03 

•04: 
•04' 

131 



8. 

+ 06 
-05 
-04 
-04 
-04 
- 03 
-02 
-01 



s. I 

02 
01 
02' 
02, 
01 
02' 
•10 



3854 
04 90 
09 71 
49 a5 
08 13 

58 as 

0916 



+ 01-02: 1000' 

+ 02 - 02 54 45! 

+ 03 - 02I 51971 

+ 04 - 02! <7 11' 

+04 - 02i 22 57 

+ 05 - 021 06 03, 

+ 05:- 06! 42 44 



h. in. 8. 

8 40 51*22 
50 17 45 

54 22 34 
67 02 01 

9 09 20 62 
16 10 49 
23 21 68 

40 22-60 

55 0705 
10 02 04*50 

11 19-62 
16 35 07 
22 18-48 
26 66*04 



-47 


32 


— * 


13 


1 


45 




00 




37 


— ' 


08 


1 


34 


— ■ 


11 




51 


+ 


06 




54 


+ 


09 




48 


* 


03 




5^. 


+ 


05 




40' 


— 


05 




47 


+ 


02 




49 


+ 


-04 




50 


* 


•06 




65 


— 


10 




40 


— 


05 



rt=+":il r=+»030 
Chrcmonieter correction at 9»» 34™= - 47*4r)3— • 014 



W 



E 



1 

|433 


' 10 53 04 18 


1 
- 35 


-•28 


+ 02, 


- 0:^ - 


07 03*47 


10 52 16 18i 


-47 29 


-02 


'l54 


58 34 84, 


- 17 


- 06 


+ 01' 


- i)2 - 


04 34 56 


57 4714 


42 


+ 11 


;434 


n (to 5018 


-06; 


-^- -081 


^01 


- 02 - 


021 50- 17 


11 00 02-82 


35 


+ -04 


155 


05 02 11' 


-11 


+ 01 


+ 01 


- 02 - 


02i 01 98 


04 14 82 


•16 


-15 


il56 


09 46 42 

1 


•08| 


-r 06 


+ 01 


- 01 - 


02 40 38 


08 5904, 


•34 + 03 


160 


11 10 57 38 


+ 05 


^•08 


- 01 


- 01 - 


0!j 57-48 


16 1016 


■32 - 01 


162 


26 29 25, 


+ 17 


- 12 


- 01 


•0 


05', 29*24 


25 41-90 


34 


+ 03 


li'iS 


41 4514' 


+ 09, 


•00 


- 01 


^02 - 


02 45*22 


40 5800 


22 


- 09 


164 


44 5<i01, 


f a^i 


+ 07 


- 01 


-f -02 - 


02 5612 


44 08 82 


•30 


- 01 


il66 


49 33 40 


+ 10, 


- 02 


- 01 


+ 03 - 


03i :^ 47 


48 46.15 


32 


+ 01 


167 


12 01 05 43 


+ 05 


-^08 


-01 


+ 04 - 


•02' 05 57 

1 
1 


12 00 18 24 


•33 


+ 02 



a-^+"118 r=-'005 
Chionometer correction at ll** 23™== -47''309rr''016 



E 177 ! 13 08 10 13 

178 20 50-7*), 

1452 24 2*)-88 

179 30 34 50 

,180 43 28 47 

182 60 5:v2;r 

W 184 14 02 35 68 

,458 06 47 8(> 

459 10 04-29 

188 13 31 22 

190 22 43-31 

|192. 28 28-41 



+ 



+ 



1 

i 




ir= 


= -^ o:)6 


I 

1 








•04I 


+ 01, 


+ 01 


- -04 


- 02 


10 13 


13 07 22-99 


-47 14. - 04 


06 


- 01' 


r 01 


- 03 


- 03 


50 76 


20 03 61 


•14 --W 


11 


- -09 


+ {t2 


- 02 


-05 


29 85 


23 42-68 


•17-01 


•02 


^•0-J 


-r 01; 


-•02 


-01 


34 52 


29 47 82 


•20-02 


•03 


+ 02 


+ 01] 


00 


-02 


28 51 


42 41 34 


•17,-01 


03 


^ 02 


t-Ol 


-00 


-02 


5327 


50 06*14 


•13-05 


15 


1 
- 02 


- 01 


+ 01 


- (\S\ 


35 48 


14 01 48-27 


1 -21+ -03 


-07 


+ Oil 


- 01 


-t- ()2 


-02 


47 79 


06 00*68 


•11 - 07 


•2t» 


-07, 


-•03 


+ 02 


- 07 


0385 


09 16 72 


13, -05 


•10 


00' 


- 01 


+ 02 


- 02 


3111 


12 43 96 


, 15-08 


•11 


00' 


- 01 


+ 03 


- 02i 


43 20 


21 55 88 


' -32,-14 


07 


1 


- 01 

1 


+ 04 


- 02 


2S'36 


27 41 10 


*2«i + *08 



ar_4-029 r=+'007 

Chronnji.Kcr correction at 13»' 48'" - 47-181 -''013 



is HtPoiir OF THE CHIEF ASTRONOMER 

SESSIONAL PAPER No, 25b 

TRANSIT OBSERVATIONS. 

Sutirju : Vani-oi'veR. D>t,t^, ■}. prjl ll>tli, 190S. Obwrve 







41 IB-ftjl 


- Of. 


44 5712 


-Kf 


4tt 4«»o: 


- -0.1 


11 00 4tf'lil 


-IM 


OS 00-53 


- U6 


14 02 30 


-■?.} 






ar. 28- 22 


-X 


32 46'N6 




44 54 65 


-13 



i " 




"4 






R.A. 


ll 


.: 


1" 




u 




h. m. «. 


», 


g. 


40-71 10 36 M-H8 


-45-73 


+ •0^ 


IB-OU, 40 30 3( 


■70 - -01 


57 It 






40» 


47 65 2! 


-rai -12 


48 6C 


11 00 02 8! 


■M4 + 13 


00-51 


01 14-80 


■71 -00 


02 IS 


13 IG'48 


70 - 01 


M-T'l 


16 10 i; 


60 -12 


2TN 


26 41 87 


-71 00 


46-82' 32 "106 




fi4-6B 44 08-81 


-78 +ff! 



Chnmcimeter Mnrecticii 











178. 


20 49 13 






ISO. 

182. 

IS*. 

1&4 

458. 


43 20&4 

61)5168 

57 30 40 

14 02 33-67 

OA 4C 27 


188. 

192. 


13 2» 43 

28 afi-r* 







XiftH 


14 0148 


^6S^ 


06 00 


(w;« 


09 16 


W6I 


12 43 


20 07 


27 41 



76 



DKIWRTMEST OF THE ISTKHIOR 



IX 



5-6 EDWARD VII.. A. 1906 



TRANSIT OBSEKVATIONS. 



Station : Vancouver. 



Date, April 18th, 1903. 
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SESSIONAL PAPER No. 25b 
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TRANSIT OBSEKVATIONS. 
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5-6 EDWARD VII., A. 1906 



Station: Vancouver. 



TRANSIT OBSERVATIONS. 

Date, April 23rd, 1903. 



Observer: Otto Klotz. 
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SESSION.AL PAPER No. 25b 



Station: Vancouver. 



TRANSIT OBSERVATIONS. 

Date, April 24th, 100:1 



Observer: Otto Klotz. 
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5-6 EDWARD VII., A. 1906 



Station: Vancouveh. 



TRANSIT OBSERVATIONS. 

Date, April 25th, V.m. 



Observer: Otto Klotz. 
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TRANSIT OBSERVATIONS. 

Date, April 2(Jth, 1903. 
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Station : Fanning Island. 



TRANSIT OBSERVATIONS. 

Date, April 15th, 1903. Observer : F. W. O. Wkrbt. 
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93 
84 



42 84 



26 
52 
32 
33 
29 
88 
30 



42 
35 
32 
21i 
94 
64 
76 



h. m. a 

12 25 50 
29 19 
37 00 
42 06 
50 45 
57 22 

13 04 57 

13 41 
20 07 
29 47 
33 48 
56 44 

14 00 53 
07 45 



20, 
711 
40 
70, 
061 
89 
83 

40 
32 
28 
21! 
95| 
72 
83 



a* 

o 
s 

I 



c 
o 

8 



m. 8. 



s. 



-3 45 03^ 06 

44 99 +02 
4603+ 06 
44-90 - 07 
4487 - 10 
44-95 - 02 

4501 - 04 

4502 -^05 

4503 +06 

45 04 +07 
4500 +03 
44-99 +02 
44-92 - 05 
44-93 - 04 



rt9 = +»855 «j = +«663 c=-"190 
Chronometer correction at 13** 14""= -3"" 44" 971 ^•014 



W 



E 



fi Librae . . . 
f * Libne . . . 

7 Lupi 

pi* Scorpii . . 
d Ophiuchi . 
7^ Normae . . 

\ Scorpii... . 
7] Pavonia . . 
$ Ophiuchi.. 
/u Herculis .. 
89 Herculis . 
f Ophiuchi . 



15 15 35 
26 35 
32 28 

16 ; a5 

13 03 
16 23 

17 30 50 
40 02 
42 29 
46 28 
55 
57 



19 
2tl 



lo: 

25 
86 
85 
79 
66 

00 
93 
33 
40 
10 
69 



I 



+ 11 

+ -lli 
+ 14 

+ •12; 
+ •111 
+ 14 



+ 
+ 



+ •41 + 
+ -56 + 1 
+ -30 - 

+ -28 - 
+ 28 - 
+ 35 - 



12 


+ • 


-02 


+ ■ 


•39 


+ • 


02 


+ • 


19 


+ • 


63 


+ • 


32 


• 


31 


— * 


30 


— ■ 


•63 


— ■ 


■60 


— ■ 


•12 


— ; 



14 
14 
18 
15 
14 
21 

17 
32 
14 
15 
15 
14l 



+ 19 
+ 17 
+ 16 
+ 09 
+ 07 
+ 07 

-•osl 

-10 
-10, 

-ii! 

- 13 
-14 



02 


35 


02 


35 


-03 


2?r 


•02 


36- 


02 


03 


03 


24- 


03 


50 


05 


04 


02 


29 


02 


27- 


-02 


18 • 


02 


29 



40 
63 
70 
21 
90 
68 

45 
.33 
07 
77 
48 
62 



I 



15 11 50 
22 50 
28 44 
59 50 

16 09 18 
12 39 

17 27 05 
36 18 
38 43 
42 42 
51 33 
.53 44 



00 -3 45 

11 

39 

90 

56 

24 



06 
95 
66 
38 
10 
19 



40 +01 
52 + 13 



31 - 
31 - 
34 - 
U + 



39 
38 - 
41 + 
39' 
38 - 
43 + 



OK 
08 
06 
05 

00 
01 
02 
00 
01 
04 



a= +" < H 



c= -■ 140 
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SESSIONAL PAPER Mo. 25b 



TRANSIT OBSERVATIONS. 



Station: Suva. 






Date, 


June 10th, 1903. 






Observer : 


Otto Klotz. 






a o 


1 


t 




• 

(.1 




• 
c 






•1^ 
>> 


1 






8 










Transit a -^ 


• 






§ 


o . 




2 2 




Star. 

1 


over mean of 
threads. 


Sa — • 

—.so 


JC 

.0 
'5 




6 


1- 


K^ouds 
transit 


R. A. 


1^ 


V. 


O 




h5 


< ; o 


s. 
r= - -15 


s. 


x 




O 
m. s. 






h. m. s. 


B. 


s. 


H. 




h. m. 8. 


s. 


E S Chameleon tin 


12 16 30 44 +40 


+ 2 


76|-1 02 


+ 11 


-10 


32 59 


12 12 45 31 


-3 47 28 


+ 02 


/3 Corvi 


33 06 89, +17 


+ • 


06- 22 


+ 07 


-02 


06-95 


29 19 70 


-25 


-01 


p Virginis 


40 48 00 +14 


— ' 


30- 20 


+ 05 


-02 


47-67 


37 00 39 


•28 


+ 02 


o5Virjnnis 


46 44 55; +16 


— 


23- -20 


-^ 04 


-02 


44-29 


42 57 03 


26 


•00 


31Coinfe 


50 4814 


+ 13 


— 


48- -23 


+ 02 


-02 


47 56 


46 60-23 


33 


+ 07 


d Virjfinis 


54 32 51 


+ 15 


— 


23 - -20 


+ 01 


-02 


32 22 


50 45 04 


•18 


- 08 


€ Virginis 


13 01 10 47 


+ 14 


— 


31 - 20 


00 


-02 


1008 


57 22-88 


•20 


-06 


W $ Virjfinis. .. 


08 44 98 


+ 16 


— 


14 + 20 


- 02 


-02 


45 -16 


13 04 57-82 


34 


+ 08 


7 Hydrae 


17 28-27 


+ 17 


+ 


06+ 21 


- 04 


-02 


28-65 


13 41 39 


-26 


00 


t Centauri .... 


18 57-96 +19 


+ 


23 4 25 


05 


-02 


58.56 


15 11-40 


-16 


- 10 


a Virginis 


23 54 42, + 16 


— 


08+20 


- m 


-02 


64 62 


20 07 31 


■31 


+ 05 


^ Virginis. . . . 


33 34 65' + 15 


— 


19 + -20 


- 08 


-02 


34-61 


29 47 27 


34 


+ 08 


m Virginis 


40 20 74 +16 


— 


10,+ -20 


•10 


- 02 


20-88 


36 33 63 


-25 


-01 


■T Bootis 


46 28 69 +-14 


- 38|+ 20 

1 


11 


-02 


28-62 


42 41-27 


•25 


-01 



a=+«618 c=-'198 
Chronometer correction at 13»' 00™= -3" 47»- 263-4-" Oil 



\V p Boiitis 


14 31 20 05 


+ 05 


- 74 


1 
+ 


•27 


+ 10 


-03 


28-70 


14 27 41-16 


-3 47 5^ 


-02 


€'^ Bootis. 


44 35- 12 


+ 06 


- -56 


+ 


24 


+ 07 


-02 


34 91 


40 47-33 


'^t 


+ 02 


a Librae 


49 20 86 


+ 07 


- 03 


+ 


•22 


+ 06 


-02 


21 16 


45 33 55 


•6« 


+ 05 


^ Libne 


56 20 46 


+ 07 


- 09 


+ 


•21 


+ 04 


-02 


20 67 


51 33 03 


6l 


+ 08 


•JOLibne 


16 02 13-71 


+ 08 


+ 09 


+ 


•23 


+ 03 


-02 


14 12 


58 26 67 


i 


- 11 


E ^ Librae 


15 37 57 


+ •29 


- 11 





21 


- 01 


-02 


37 51 


15 11 60 00 


51 


-05 


a Coronae 


34 26 49 


+ 23 


- -55 


— 


23 


- 05 


-02 


24^87 


30 37 30 


•67 


+ 01 


a Serpentis .... 


43 19 95 


+ -20 


- •»» 


— 


21 


- 07 


-02 


19 62 


39 3207 


•65 


- 01 


ft Serpen tis 


48 24 01 


+ •28 


- 19 


— 


-21 


-09 


-02 


23 78 


44 36-27 


•51 - -05 


€ Serpen tis. . . 


49 49 42 


+ -28 


- 16 


— 


•21 


- 09 


-02 


49 22 


46 01 53 


•69 +13 


y Serpen tis. . . . 

i 


66 48 !>7 


+ •25 


- 40 


^™ 


22 


-10 


-02 


48-48 


51 60 95 


•53 - 03 



a=+«-692 c=--209 
Chronometer c<>rrection at 15*^ 13""= -3'" 47' 561 +-»-020 
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DEPARTVEST OF THE INTERIOR 



IZ 



5-6 EDWARD VII.. A. '906 



Station : Suva. 



TRANSIT OBSEHVATIONS. 

Date, June 11th, 1903. 



c z 



Star. 






K 



Tranrnt 
threadrt. 



ofl*- 



" rtiS 

*i 3 <^ 

> o-.g 



43 
< 



§ i 

a 
•£ i 



h. ni . H . 



5 
^ 



fi ChamHileontiH 12 10 33 

a^Corvi i 28 42 

e Virginia « 13 01 13 

o VirginiH I 23 57 

e Centauri. . . i 37 37 

mVirsrinis. . J 40 23 

r Boiitis. ... I 46 31 



W f Centauri. 



. 53 21 
f Virginifl. . . ! ! j 14 00 34 



^ CtMitanri. 

K Virginia. 

a Iknitis. .. 

I f IkNitiH. . . 



04 50 
11 35 
15 06 
25 49 



49 
66 
06 
23 
50 
57 
57 

72 

801 
80 
56 
38 
02 



4- 

4- 

+ 



+ 



03 

■17|- 
15 - 
17 - 

■22 + 
17 - 

•141 - 



n. 

* 2 79! 

- 02' 

- -311 
08 



r= 



-.14 



I 



+ '10| + 
+ ■08,- 

+ oi»!- 

+ 08' 
+ 07, 
+ 07 - 



•57|- 
•11 - 
•39 

•441 + 

21 + 

•24' + 

•09 + 

41 

41 



*- 



24 


+ • 


•25 


+ • 


25 


+ • 


•25 


+ • 


•39 


— ' 


24 


— • 


■25 


— ■ 


•35 


__ * 


24 


— ' 


•30 


— " 


24 


— • 


•26 


- • 


•26 


— ■ 



o 

I 

< 



8, 



061-02 



07 
09' 
lOi 
12. 
13. 
15' 



02 
02 



OlnHTver: OttoKd/t/ 



15 - 10 36 
12 - 02 42 
05,-02, 12 
(>2 - 02l 57 
031-03 37 
04 - 02 23 



30 



03 22 
02 34 



51 
35 



021 06 
02 48 



06 
66 
68 
07 

84 



99 

51 
80 
31 
65 
15 
77' 



R. A. 



h. m. H. 

12 12 45 22< 
24 52-79' 
67 22-87i 

13 20 07-31 
33 4818 

33; 36 33-62 



42 41 27 

49 32*80 
56 44-94, 
14 01 01 54' 
07 45-82i 
11 16-39 
21 58 90' 



rt=+«-624 c^-" 242 

Chronometer correction at 13*' 21™= -3™ 49"782d='"016 






is 

6 



m. fl 
-3 49 



84 - 
87 - 
81^ 
76 - 
06 
71 - 



1/9 

02 
12 



72 - »Jft 



71 
86 

n 

83 
76 
87 



- "7 

- l»l 

- 1.6 



w 


f- Librw 


14 55 22 72 


+ 25- 


09 + 




20 Libne 


15 02 16 04 


-^•27 + 


•09 + 




^ I^><)ti8 


04 09 83 


+ •20 - 


•58 1- 




t* Libne 


10 3400, 


+ •26 + 


•01 + 


o'-'Librse 


21 2982 


+ •26 - 


•04 r 


'i^* Libra? 


26 39 74 


+ •26 - 


02 t 


E a Coronw 


34 27-83, 


i- 32 


57' 


a Serpen tis 


43 22 28, 


+ •38' - 


30 - 


■'fi Trianp. Aust. 


50 3038' 


+ •66+1 


[ 11 - 


\^^ Scorpii 


16 03 4084 


+ 43 ^ 


02 - 


d Ophuichi 


13 08 77 


+ 40'- 


•18 - 


X Ophiuchi 


29 54-35; 


+ -391 


25, 


f Ophiuchi 


35 42 15 

1 
1 


+ 41 - 

1 


•10 - 



19 


+ 12 - 


02 23 


21 


-u-lO - 


02 16 


211 


+ 10 - 


02 09 


20, 


+ 08 - 


02 34 


•20, 


+ 06' - 


02 30 


20' 


+ 05 - 


02 40 

1 


21 


+ 08 - 


02 27 


19 


•00- 


02 22 


42' 


Oli- 


04 31 


20 


- 04 - 


02 41- 


•19' 


-06' 


02, 08 


19 


- 101- 


02 54^ 


19 


12- 


02 42 • 



17 14 51 33-a3 

69, 58 26-67 

741 15 00 19-69 

53 06 44*60 

28 17 4008 

21 22 50 13 

38 30 37 30 

15 39 3207 

68 4*\ 41*^9 

03 69 50*91 

72 16 09 18 60 

18' 26 04*08 

13 31 52 04 



3 50 14 + 


<t*i 


02 - 


07 




•06 - 


04 




03 - 


OB 




■20 T 


11 




08 - 


01 




08 - 


01 




08 - 


01 




09. 


00 




12 T 


03 




12 + 


03 




10^ 


•01 


•09 


00 



a=+«*721 c=-"191 
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Station : Suva . 



TRANSIT OBSERVATIONS. 

Date, June 16th, 1903. 



• • • 

ClbsQf^4T: OtTO Kixyrz 






K 



W 



Star, 



K Virginia, 
a Bootis . . . 
/ Boiitis. . . 
p Bootis . . 
77 Centanri 
a Circini. . 
e- Bo«»ti8 . . 



a Librae 

^- Librae. . . 

2<> Librae 

^ Bootis 

7 Triang. Au«t. 
j^ Librae. . . 



Transit , — 
over mean of ^ 
threads. 



h. m. 8. 

14 11 4S 37 
15 m 27 
26 01 82 
31 44 25 
SS 26 55 
38 47 14 
44 50 39 

49 ,35 88 
55 a5 51 

15 02 28-83 
04 22 43 
13 58 45' 
15 52 56 




B 

o 



+ 
+ 
+ 
+ 
+ 



r= 



OS 

X 

8. 

-10 



c 
o 

t I 



8. 



17 

18 

18! 

22 

2,3 

30 

19 

17 

19 

48' 
17 



+ 

+ 



051 

05 

03 

02 

02 

01 

00' 

I 

I 

oil 
02! 
03; 

04I 

05 
05 



02 
02 
02 
03 
03 
05 
02 



tm 
i* 



o . 



s 



48 
18 
01 
43 
26 
47 
49 



02 35 

02 35 

02 29 

02 22 

(16 (H) 

02 52 



19 
83 
37 
4l» 

82, 
83 
82 

9J) 
56 
02 
10 
01 
56! 



R. A 



if 



V. 



C .T 



h. m. s 

14 07 45 
11 16 
21 58 
27 41 
29 24 
34 45 
40 47 



45 33 
51 3i^ 
58 26 
15 00 19 
09 57 
11 49 



a=+''560 c=-"170 

Chronometer correction at H*" 43"» - - 4"' 02" 461 ^•014 



82 
35 
88 
11 
40 
34 
28 

53 
02 
(>5 
66 
58 
99 



m. 8. 
-4 02 



8." 



37 




•48 +■ 


•49 + 


38 


-• 


42;- 


49 +• 


•54 +• 


-161 


54 


+ • 


37 


-■ ■ 


44 


- ■ 


43 




•57 


+ • 



09< 
02 

OS 
08 
04 
03 
08 

00 
08 
09 
02 
03 
11 



« 



w 


a Serpentis ... 


15 43 34 77 


+ a*^ 




26 


+ 20 


+ 06 


-02 


34 78 


15 39 32 07 


-4 02 71 


+ 11 


fi Serpen tia. . . . 


48 38-86 


+ 03 


— 


17 


-r20 


+ 06 


-02 


:^ 96 


44 36 28 


■68 


+ 08 


■fi Triang. Aust. 


50 42 63, 


+ 05 + 


95 


+ -43 


+ 05 


-04 


44 07 


4() 41 57 


•50 


-10 


7 ScrpentiH. . 


56 03 70: 


+ 03 - 


36 


+ 20 


+ 04 


- 02 


03 59 


52 00 95 


64 


+ 04 




6 Scorpii 


68 41 37! 


+ 03 + 


05 


+ •21 


+ 04 


- 02 


41-68 


54 39 07 


61 


+ 01 




/S^ Scorpii 


16 03 .53 35, 


+ 03 + 


02 


+ •21 


+ 03 


-02 


53 62 


59 5092 


70 


+ 10 




5 Ophiuchi 


13 21 091 

I 


+ 03 - 


15 


+ 20 


+ 01 


-02 


21 16 


16 09 18 61 


55 


-05 


K 


7 Herculis 


21 44 09 


+ 26;- 


40 


- 21 


00 


-02 


43 72 


17 41 08 


•64 + 04 




a Scorpii 


27 33 33 


+ •341 + 


10 


- 22 


-01 


-02 


33 52 


23 30 99 


53,-07 


a Triang. Aust. 


42 32 29 


+ -541+1 


32 


--54 


-03 


-06 


3:< 52 


38 30 82 


70+10 


jf Scorpii 


47 58 81 


+ •36 + 


20 


- 24 


- 04 


-02 


59 07 


43 56 50 


57 - 03 


\k Ophiuchi... . 


57 10-32 


+ 25I- 


SS 


- 20 


•06 


-02 


09 91 


53 07 40 


51 - 09 


30 Ophiuchi 


17 00 02-40 


+ 30 - 


16 


-•20 


- 06 


-02 


02 26 


55 59 73 


53 - 07 



a=+»617 c= 'lOS 
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DEPARTMENT OF THE INTERIOR 



IX 



5-6 EDWARD VII., A. 1906 



TRANSIT OBSERVATIONS. 



• • • 



Station : Suv^t. •. 


Dal 

• 


te, Jun 


B22nd, 


1903. 


• 


Observer : 


OrniKu 


m. 




_ . -^m « 

• • 




C 




> 




• 
• 


Transit 


T3 ^ 
2"^ 


• 


• 

G 



, § 


3 

. 




St , 

c t 1 


• 


••Star. 

• 
• 


over mean 0' 
threads. 


-1 


43 
< 


s 

1 


Rate. 
Aberrati 


Seconds 
transit 


R. A. 


6 






h. in. 8. s 




M. 


s. 


r=-10 **• 




h. m. s. 


ni. f. 1 8. 


• »., • K 


7 Hydrse 


13 17 57G2' + 


04 


+ at 


-•20 


+ 


08 -02 


57 5«» 


13 13 41 27 


-4 16 291+ 04 




t Centauri 


19 27 45 + 


04 


+ 21 


- 23 


+ 


07 - 02 


27-52 


15 11-25 


27 +02 




a Virginia 


24 23 69 4- 


04 


- 07 


- 1» 


+ 


00 - 02 


23 51 


20 07*20 


31 


+ 06 


-, . 


f Virginia 


34 03 73 4- 


04 


-17 


-19 


+ 


OTy - 02 


03 44 


29 47- 16 


28 


+ 03 


t 


c Centauri 


38 03-97i -r 


05 


+ •49 


- 30 


+ 


04-03 


04 22 


33 47-99 


23 


-02 


• 


r Bootis 


46 57 90 + 


03 


-•34 


- 20 


+ 


03-02 


57 40 


42 41 16 


-24 - 01 




77 Bootis 


54 22 70 + 


03 


-•35 


- 20 


+ 


02 - 02 

1 


22 18 


60 06-01 


-17 


-08 


W i/3 Centauri 


14 01 18-23 - 


08 


+ 71 


+ 38 




00 


-04 


19 20 


57 02 09 


21 


-04 


IT Hydrae 


05 09 64 


-- 


06 


+ 08 


+ 21 




00 


-02 


09 85 


14 00 53-62 


23 


-•i»2 


K Virginia 


12 02 02 


— 


06 


- 08 


+ 19 




02 


-02 


02 03 


07 45 76 


•27 


+ 02 


./ Bo4>tis 


26 15 3fi 


— 


05 


■ -a*) 


+ •20 


~ 


04 


-02 


15 10 


21 68-83 


•27l + 'U2 




p Iknitis 


31 57 69 


— 


04 


-•58 


+ 24 




05 


- 03 


57 23 


27 41-04 


•19 -Ort 




c2 Bootis. 


45 a3 83 


— 


04 


• - 44 


+ •21 


— 


07 - 02 


03 47 


40 47-22 


25 


•00 




a Librie 


49 49 81 


- 06 


- 02 


'20 


- 08 - 02 


49 83 


45 33 49 


34 


+ 0i» 



«=-^-'542 r=--189 
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SESSIOISIAL PAPER No. 25b 



TRANSIT OBSERVATIONS. 



Station : Suva. 




Date, June 24th, 


1903. 






Observer : 


Otto Klc 


rrz. 


I 

1 


Transit 




• 


1 
« 

c 
.2 


• 

c 
o 


of COl'l. 

• 


i 


hronometer 
correction. 




Star. 

mm 


over mean of 
threads. 


evel a 

equal 

pivots. 


JC 

a 

*s3 


oUimat 


a5 < 

r=- 12 "• 


4/ *^ 


R. A. i 


V. 


o 




1-3 


< 


O 


CO 






O 
m. 8. 






h. m. a. 


8. 


8. 


8. 




h. m. o 


8. 


K 31Ck«iiai. .. . 


12 51 21 14 


+ 12 


- 50 


--21 


+ 07 


-02 


20-60 


12 46 60 


04 


-4 20-6C 


+ 06 


6 Virginia 


55 05 02 


4-14 


- 24 


- 19 


+ 06 


-02 


05-37 


50 44 


90 


•47 


-03 


€ Virginia 


13 Oi 43 57 


+ 13 


- 32 


1 - !•> 


+ 05 


-02 


43 22 


57 22 


73 


-49 


-01 


d VirffiniB 

7 Hydraj 


09 18 34 


+ 14 


-15 


' -19 


+ 04 


-02 


18 16 


13 04 67 


69 


•47 


-03 


18 01 68 


+ 16 


+ 06 


- 20 


+ .02 


-02 


01-70 


13 41 


25 


45 


-05 


t Centaiiri .... 


19 31-63 


+ 17 


+ 24 


23 


+ 02 


-02 


31-81 


15 11 


22 


-59 


+ 09 


a Virginia . . . 


24 27-80 


+ 15 


- 08 


- 19 


+ 01 


-02 


27 67 


20 07 


18 


49 


-01 


W f Virginia. . 


34 07 77 


-01 


-•20 


, + 19 


- 01:- 02 


07 72 


29 47 


15 


571+07 


€ Centauri 


38 07 58 


- 01 


+ -59 
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-02 


-03 


08-41 


33 47 


95 


46 -04 
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40 53 99 


-01 
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- 02 


54 02 


36 33 


52 


50 -00 
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47 01 81 


-01 


-•40 
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- 04 
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13 


44 - W) 


f Centauri 


53 52 51 


- 01 


, +'45 


f 27 


-05 


-03 


53 14 


49 32 


62 


•52i + -02 
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X Hydne 

1 


14 01 05 49 


-01 


: --22 
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-06 
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05-37 


66 44 


85 
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05 1385 
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+ 10 


+ •21 


-07 
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1 
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60 


•46 
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Bootis. 
/ Bootia. 
p Boiitia. 
a Circini 
€'^ Bootia . 
a Librte . . 



E 



I f2 Libr» 

JoLibne. . . . 
^f/ Boiitis 

^* Librse 

/3 Librse 

(i Triang. Aust. 



14 15 37 
26 19 
32 01 
39 04 
45 07 
49 53 

55 53 

15 02 47 
04 40 
11 05 
16 10 
51 01 



02! 
60' 
86 
56 
99! 
98 

79 
26 
81 
13 
83 
67 



+ 03 
+ 03 
+ 02 
+ 05 
+ 02 
+ 03 

+ -21 
+ 23 
+ 17 
+ •22 
+ -21 
+ 84 



-33 
--33 
-54 
+ 85 

- 41 
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-or 

+ 07 
--41 
+ 01 
-08 
+ -78 



+ •20 
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+ •44 
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-19 
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+ •071 
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01 

oo 

01 
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02 
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19 55 
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27 41 
34 45 
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45 33 



27 
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02 

19 

21 
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72i + 
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61 
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+ 



+ 



73 


61 32 98 


75 
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33 


58 26 62| 


71 
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33 
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73 
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12 


06 44-47 


65 
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72 


11 49 96 


76 
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13 


46 41-53 


60 
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DEPARTMEST OF THE INTERIOR 



IZ 



5-6 EDWARD VII., A. 1906 



Station : Suva. 



TRANSIT OBSERVATIONS. 

Date, .Tune 25th, 1903. 



Observer : Otto Klotz. 
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If Centauri. 
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.r Bootis. . . 
( Centauri 
\T Virginis . 
!x Hydne 
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a Hoiitis .. 
BootiM .. 
p Bo'itis . . 
f^Boiitis .. . 
a Libr»e. 



^^ 



13 34 10 27 
38 10-63 
40 56-54 
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53 56 34 

14 01 08-03 
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12 08 63 
15 39 41 
26 21-99 
32 04 29 
45 10 45 
49 56 41 
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8. 
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1 
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8. 
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14 
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— 


41 
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— 


07 
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27 
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+ o:)' 


32 
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15 
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08 
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08 
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30 
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30 
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47 
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37 
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02 
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.- 
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03' 
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56 42 


02 


04-15 
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55 53 
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07 79 
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16 51 


•02 


08-66 


02 


39 23 


02 


21-79 


03, 


03 93 


02 


10 15 


02 


56 44 



ni. 8. 

13 29 4714 
33 47 93 
36 33 51 
42 41 13 
49 32 61 



56 44 


84 


14 00 53 


59 


07 45 


72 


11 16 


27 


21 58 


80 


27 41 


01 


40 47 


19 


45 83 


48 



-4 22 


•06 + 




99 ^ 




-91 - 


23 


02 + 


22 


92 - 




•95 




•92 - 




94 - 




90 + 




9!i + 




92 - 




•96 -^■ 




•96 + 
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04 
(i4 
07 
08 
00 
03 

01 
01 
04 
03 
01 
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w 


^^ Libne 


14 55 55 03 


1 
-01 


1 
- 07! + 20 


i 
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02 


56- 14 


14 51 ^2-98 


-4 231o 


1 
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20 LibrsB 


15 02 40 38 


- 01 


+ 07 +211 


-10 - 


02 


49-73 


58 26-61 


•12 


-04 




^ Bootia 


04 42 85 


- or 


- 44 +22 


+ 10,- 


02 


42 70 


16 00 19-69 


11 


-05 




t* Libne 


11 07 361 


-01 


+ 01' +-20 


+ 08 - 


02 


07 62 


06 44-46 


•16 


00 




fi Libra? 


16 13 02! 


-01 


-09, + 10 


+ 07- 


02 


13 16 


11 49-9.'> 


•21 


* 05 




i:^ Libne 


27 13081 

1 


-01 


-02' + 20| 


+ 05 - 

1 


02 


13 28 


22 50 09 


19 


-^03 


E 


/3 Triang[. A list. 


51 03 96 


+ •28' 


+ 84 - 43i 


•00 - 


04 


04-61 


46 41-51 


10 


- 06 




d Scorpii 


59 02-26i 


+ 19 


+ 05' - 21 


- 01 - 


02 


02 26 


64 39 07 


19 


+ 03 




fi^ ScorpiL 


16 04 14 25 


+ 19 


+ 02 --20i 


- 02 - 


0-2 


14-22 


59 50 93 


29 


-IS 




a Scorpii 


27 54 12 


+ - 10. 


+ 09, - 21 


- 071 - 


02 64 10 


16 23 81 01 


09 


-07 




X Ophiuchi . . . 


30 27 57 


+ !<: 


-19 - 19 


- 08 - 


02 27 2C) 


26 04-10 


16 


1 00 


f Ophiuchi 


36 15-50 


-+ 18, 


- -08 - -20^ 


- 09 - 


02i 15 29 


31 62 08 


21 


^05 




€ Scorpii 


48 19 63 


+ •20 

1 


+ 18 - 23: 

1 1 


- 11 - 

1 


02 


10 65 


43 56 54 


11 


- 05 
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SESSIONAL PAPER No. 25b 



TRANSIT OBSERVATIONS. 



Station : Suva. 




Date, August '. 


Llth, 1903. 






Observer 


: Otto K 


LOTZ. 






I ««M 
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c o 














G 








>> 




• 






8 




»--2 






Transit 






8 
C 




• 


o . 




0) g 




Star. 


over mean of 


* cei 




a 




4.> 


«•? 


R. A. 


Chronoir 
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r. 


5 




threads. 


-.3 

» cr.Sl 
•* «\ ^ 


2 

< 


c 
O 


• 

& 

8. 

r= - 094 


1 

< 

8. 


Seconc 
tran 








h. m. 8. 


8. 


8. 


8. 




h. m. 8. 


8. 8. 

■ 


E 


7) Ophiuchi 


17 05 13 91 


+ 14 


- 02 


- 23 


+ 06' -•02 


13-87 


17 04 51-94 


-21 93 +07 




5 Herculin 


11 27 55 


+ 11 


--37 


- 24 


+ 05-02 


2708 


11 05-23 


85 


- 01 




a Arse 


17 40 55 
22 07 02 


+ 19 
+ 12 


+ 52 
- 19 


--39 
- 22 


+ •04-04 


40-87 
06 75 


17 18-98 
21 44 87 


•89 


+ 03 




(T Ophiuchi . . . . 


+ 04 


-02 


•88 +02 




X Scorjpii ...... 


27 26-89 


+ 16 


+ •20 


-•28 


+ 03 


-03 


26 97 


27 05-09 


-/'8I+ 02 




a Ophiuchi 


30 50-82 


+ 11 


- 25 


- 23 


+ 02 


-02 


50 45 


30 28 60 


85 - 01 


7) Pavonis 


36 40 09 


+ 13 


+ •83 


52 


+01 - 05 


40-49 


3<> 18-69 


80 - 0<J 


W 


89 Herculis 


51 55 03 


- 04 


- -38 


+ 25 


- 01 - 02 


54 83 


51 33-04 


•79 -07 


V Ophiuchi 


54 06 18 


- 05 


- 07 


+ •22 


-02 


-02 


06 24 


53 44 35 


89+03 


7^ Saffittarii 

j72 Ophiuchi 


59 59 96 


- 06 


+ 12 


+ -2t; 


- 03i-02 

- 03 - 02 


60 23 


59 38 27 


% +10 


18 as 09 90 


- 04 


-•23 


+ -22 


09 80 


18 02 47 93 


87 +01 


fi Sagittarii 


08 23 00 


- 05 


+ 02 


+ 23 


- 04; -03 


2313 


08 01 21 


92 +06 


' 7) Serpen tie 


16 42 a3 


- 04 


- 13 


+ •22 


- 05! -03 


42 30 


16 20 53 


77 - 09 


a Telescopii 


20 12 60 


- o<; 


+ •33 


+ 32 


- 06 


-02 


13 11 


19 5130 


•81 


- 05 
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DEPARTMEST OP THE INTEIUOR 



IX 



5-6 EDWARD VII., A. 1906 



Station : Suva. 



TRANSIT OBSERVATIONS. 

Date, August 14th, 1903. 



Observer : Orro Klcxtz. 



S 

eS 



Star. 



E \€ Herculis. . 
.5 Herculis.. 
I/J Arae . . . 

W 77 Serf^eiitis. 

a Teleticopii 

\ Sagittarii 

a Lyrie . . . 

2 Aquilie. . . 

X Pavoni* . 

<r Sagittarii 



Transit c-;;:; 
over mean of * * ^ 
threaclH. -^ ^> 

$ a; - 



h. ni. M 

i 10 57 <>3 

17 11 32 
17 44 

18 16 46 
20 17 
22 28 
34 08 
37 27 
43 44 
49 44 
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N 





8. 


H. ^ 1 


70 


- 09 


-•49 


•00 


-09 


- 42 


9() 


-16 


+ •59 


95 


- 16 


- 15 


•07 


-•20 


-H-a** 


•87 


-17 


^•0i< 


•70i 


-11 


- 60. 


3J, 


-16 


- 09 


•96 


-26 


+ •84, 


95 


-18 


+ 09, 
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1 
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I 

t 

u 

< 



+ 
+ 

+ 
+ 
+ 

+ 



u 



J5-X 



I w 



08 
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1 

1 


r=-08, " 






•21 


+ 07 - ■ 


02 


02- 


20 


+ 06 - 


02 


31 


31 


+ 05 - 


04 


45- 


■18 


- 03i - 


02 


46 


26 


- 04 - 


03 


17- 


•20 


- 04 - 


02 


28^ 


23 


- 05,- 


03 08- 


•18 


- 06'- 


02 27- 


38 


- 07 - 


04 45 • 


20 


- 07 - 


02 


44 



R.A. 



h. 



m. 8. 



96. 
33 
091 

I 
78 
44 
92 
14 
24 
82 
97 



I 



16 56 36-85 

17 11 0618 
17 18 91 

18 16 20 50' 
19 61 -261 
22 02 65 
33 42 01 
37 01 08, 

48 19 72i 

49 18 72 
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Chronometer correction at 17'' 53™= -26"173-b'017. 
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a> 9 



o 



r. 



H. 
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A. 



ni- 
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18 4. 



28 
18 
27 
13, - 
10;- 
10 - 
25 + 



ot; 
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u 
01 
10 
w 
01 

07 
08 



W 7 Aquilte 19 42 08 

a ' '" 



E 



9 

€ 



Aquilije . 
Sagittarii. . 
Pavonis 
Capri oorni 
Delphini . , 
Delphini . , 



f Aquarii 

/x Aquarii .... 

I PisciH Aust. 

a Equulei 

f Capricorni. . 
f PegaHi 



46 32 
49 04 

20 18 29 
23 49 
29 04 
36 37 

42 55 

47 55 
55 50 

21 11 28 
21 37 



67 

77 

35 

08' 

66' 

57, 

89 

53 
2<) 
52 
57 
75 



39 55 371 



+ 04 
+ 03 
+ 05, 

+ •06 

+ -(m 

+ 04 

+ <X^i 

+ •31 
+ 31 
+ 361 
+ •29 
f 34 
+ •28 
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Chronometer correction at 20»» 40™= -26* 441 +-"015. 



1 

- •28, 


4 


1 
16 


+ 08 


02 


08 &5 


19 41 42 14 


-26-51 ^07 


-•34! 


+ 


16 


+ ^07 


-02 


32 67 


46 06 34 


•33-11 


4 30: 


+ 


22 


+ •07 


-03 


04 96 


48 3845 


-51 + 07 


.65 


+ 


30 


+ 03 


- 04 


30 08 


20 18 03 69 


•39 --05 


•00 


■v. 


17 


+ 02 


- 02 


49 87 


23 23 33 


-54 +iO 


; - 28 


+ 


16 


-t-01 


- 02 


04 48 


28 3809 


•39 - •Oo 


1 - 32 


+ 


17 

1 


+ 01 


02 


3776 


36 11 33 


•43 --01 


: 08* 


•• 


16i 


0(' 


- 02, 


55 58 


42 29 03 


55 + 11 


-08 


— 


16, 


- 01 


- 021 


55 30 


47 28-85 


•45+01 


1 ^'i: 


-- 


19 


- 02 


-021 


50 82 


55 2446 


36 --Wi 


-•22 


— 


16 


- 04 


- ()2, 


28 42 


21 11 01 95 


•47 + <« 


+ 05' 


— 


18 


- 05 


- 02' 


37 89 


21 11 45 


44 00 


- 27 


— 


16 


-08 


-02 


55 12 


39 28 75 


37- «7 
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SESSIO^AL PAPER No. 25b 



TRANSIT OBSERVATIONS. 



Station : Suva. 




Date, August 17th, 1903. 






Observer : Otto Klotz. 
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B 
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S 
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8. 

r=- 08 
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h. 






h. m. H. 
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». 


8. 


j 


h. lU. 8. 1 

1 


H. 


E v Serpentis 


18 16 52 06! i 06 
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- 18 


+ 07 
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51-86; 


18 16 20-47: 


-31 39 +•(«> 


a LyrsB 


34 13!>7i -! 04 


- 54 


- 21 


+ 04 


- 03 


13 27- 


33 41-97 


30 -00 


2 Aquilae 


37 32 47i + 06 


- 08 


-18 


+ 04 


-02 


32 29 


37 01 06 


23 - -07 


\ Pavonis 


43 50 44 +08 


+ 76 


- 38 


+ 03 


- 04 


50 89 


43 19 65 


24 - 06 


(T Sagittarii 


49 50 13 +06 


+ •08 


-•20 


-\- 02 


- 02 


50 07 


49 18-70 


37 - 07 


\V IT Sagittarii 


19 04 34 51), -16 


+ 03 


+ 19 


•00 


-02 


34 63 


19 04 03-32 


31 - 01 


a Aquilas 


40 37-88 


- 12 


- 31 


+ 18 


- 05 


-02 


37 56 


46 06 33 


23-07 


I Sagittarii. . 


49 09 45 


-18 


+ •27 


+ 24 


- •0() 


as 


09 -691 


48 38 41 


•28 -^02 


S AquilsB 


51 07 76 


- 14 


21 


+ •18 


- 06 
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07 51i 


50 36 20, 


31 +01 


1 


c Sagittarii . ... 


57 16 77 
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16-81' 

1 


56 45 49; 


32 


+ 02 
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V^ 


6 AquiUe . 


20 06 52 97 -14 


- 15 


+ •23 


+ 09 


-02; 


52 98 20 06 2141 


-31 57 


+ 11 


a^Capricomi... . 


12 51 19 - 15i -05 


+ 23 


+ 08 


-02, 


5128 12 19 86 


■42 


- 04 


ja'Capricomi... . 


13 15-37 -15 - 05 


+ 23 


+ 08 


-02 


16 46 12 43 92 


54 


+ -08 


a Pavonis 


18 34-19 - 22 +-()0 


+ -41 


+ 08 


-04, 


35 02 18 03 69 


33 


- 13 


p Capricomi . . . 


23 54 79 - 16 00 


+ 24 


+ 07 


-02; 


54 i>2! 23 23 34 


-58 


+ 12 


|a Indi 


31 20 06 - -20 +-38 


+ 33 

! 


f 06 


- -03 


20-r>0: 30 49 14 


46 


•00 


E 


^ Aquarii 


21 27 02 36 + 06 


-11 


- 23 


-•02 


1 
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<i2 04 21 26 30 68 


36 


- 10 




7 Gruis 


48 38 71 +08 


+ 22 


- 29 


- 04 


-03 


38-65 


48 0719 


46 


00 




a Aquarii 


22 01 23 37 + 06 


- 16 


23, 


- 06 


- 02 


22 96 


22 00 51 56 


40 


-06 




t Pegasi 


03 05 11 +05 


- 39 


-•25: 


07 


-02 


04 73 


02 33 29 


44 


- 02 




a Toucani 


12 27-38 +10 


+ 73 


- -46 


- 08 


•04 


27-63 


11 5608 


-55 


-^09 




7 Aquarii 


17 14 00 +06 


-15 


- 23' 


-08 


- -02 


13-68 


16 42 19 


39 
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26 06 06 r 07 
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25 34 27 
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DEFARTMEST OF THE INTERIOR 



IX 



5-6 EDWARD VII., A. 1906 



Station : Suva. 



TRANSIT OBSERVATIONS. 

I).ih% An^UMtl9th, 1003. 



Olwerver : Otto Ki.<>tz. 
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22 36 93 
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h. m. «i. I 
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33 41 94 
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20 28 38 09 
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35 11-33. 
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30 - 
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31 - 
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W B Capricorni. . . . 


1 21 01 07 8<> 


- 13 
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02 
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21 00 33 34 


-3466 + n 


J- Cygni 


09 26 7'» 


- 09 


43 


+ 2:^ 


-^•08 - 


02 


26-53 


08 51-99 


•54' -01 


ii Aquarii 


27 05 18 


- 12 


- n 


-r-20 


+ 05- 


02 


0518 


26 30 69 


•49j--0fi 


^ Aquarii 


33 13-31 


- 12 


- 09 


k2o 


+ 04 - 


02 


13 32 


32 38 84 


•48,-07 


7 Capriconii 


35 21 11 


- 13 


-01 


+ 21 


< 04'- 


02 


2121) 


34 4663 


•67 +-02 


6 Pegasi 


40 03 43 


- 11 


- 24 


+ -20 


+ 03 


02 


03 29 


39 28-78 


51- m 


3 Capricorni. . . . 


42 19-34 


- 13 

1 


- 02 


. + 21 

1 


^ 03 - 


02 


19-41 


41 44 83 


-58'+ 03 


E \<T Aquarii 


22 2<» OS 98 


+ 21 


- 06 


- 2I1 


- -04 - 


02 


08-86 


22 25 34-29 


-57 ^02 


• 'fi Gruis 


37 30 69 


+ •27 


+ 37 


--30i 


- 06 - 


03 


30-94 


36 56*42 


52 


- o:< 


I 


77 Pegasi 


39 0608 


+ 16 


- 43 


- 23' 


-06 - 


02 


05-50 


38 30 1»7 


•53 


-02 




X Aquarii . . 


48 11 -as 


+ 20 


-09 


- -20 


- -07' - 


02 


11 15 


47 3663 


52 


-OS 




6 Aquarii 


50 08 22 


+ 21 


- 02 


-•21 


-07 - 


02 


08^11 


49 33*54 


•57 


+ 02 




a Piacia Aunt . . . 


52 55-47 


+ 23 


+ 12 


- 24 


-08 - 


OV 


{5-4H 


52 20*a5 


53 


-02 




a Pegasi 


23 00 34 20 

1 


+ 18 


- 29 


- 21, 


- 09 - 


02 


33 77 


59 59 19 


58 + 03 

1 
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REPORT OF THE CHIEF ASTRONOMER 
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SESSIONAL PAPER No. 25b 



TRANSIT OBSERVATIONS. 



Station : Suva. 




Date, August 2l8t, 1903. 






Observe! 


• : Otto Kloiz 


• 


" - - 





— 


• «** 








• 










Transit 


nd in 
li ty o 


• 


• 

a 
o 

• •PS 




• 

s 
o 


u 
u 

3 

o . 




leter 
prection 


• 


Star. 


over mean of 
threads. 


Level a 
e q u a 
pivots. 


Azimuth 


Colli mat 


^ 
tf 


< 


Seconds 
transit 


R. A. 


Chronon 
ooi 

• 


1 




h. m. B. 


s. 


8. 


H. 


8. 

r= - 11 


s. 




h. m. 8. 


8. S. 


E j7"- 


■ Safirittarii. . . . 


18 00 15 49 


+ •28 


+ 15 


- 26 


+ 07 


•02 


15-71 


17 59 38 


15 


-37 56 


+ 


09 


72 Ophiuchi 


03 25 51 


+ •22 


~2S 


- 22 


+ 07 


- 02 


25-28 


18 02 47 


84 


44 


— 


03 


1 


Sagittarii 


08 3S 47 


+ 27 


+ 02 


- 24 


+ 06; - 02 


38 56 


08 01 


11 


•45 


— 


02 


V 


Serpen ti» 


16 57 08 


+ 24 


- 16 


- 22 


+ 041-02 


67-86 


16 20 


43 


•43 


— 


04 


a 


Telescopii . . . 


20 28- 19 


+ •32 


+ 40 


- 32 


+01-03 


28 60 


19 51 


15 


•45 


— 


02 


\ 


Sagittarii.. . 


22 30 89 


+ 28 


+ 08 


- 24 


+ •('3 - 02 

1 


40 02 


22 02 


57 


45 


— 


02 


W a 


Lyne 


34 19-76 


+ 01 


•64 


+ •28 


-^Ol'- 03 


19 30 


33 41 


90 


49 + 


02 


2 


Aqiiilie. . . 


;v7 38 34 


+ 01 


- 10 


+ 22 


+01 - 02 


38 46 


37 01 


02 


44 - 


03 


X 


Pavonis 


43 55 68 


+ 02 


+ 92 


+ 47 


-01 


-04 


5704 


43 19 


57 


•471 


00 


<r 


Sagittarii. . . . 


49 55-88 


+ 01 


+ 10 


+ •25 


-02 


-02 


56 20 


49 18 


b6 


•54| + ' 


07 


€ 


Aquilae 


55 53-73 


+ 01 


-•34 


+ 2:i 


•a3 


-02 


53 68 


55 16 


17 


41 - 


06 


f 


AquilaE;... 


19 01 37 69 


+ 01 


- 14 


+ 22 


-04 


-02 


37 72 


19 01 no 


11 


61 + 


14 


X 


Sagittarii 


04 40-44 


+ 01 


+ 03 


+ 24 


-•04 


-02 


40-66 


04 03 


28 


•381- 


09 


d 


Aqnilte. . 


21 17 23 


+ 01 


- 22 


+ 22 


-07 


-02 


17 15 


20 39-69 


46 


-01 
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Chronometer correction at 1S>> 40»"= -37' 4704-»013. 



W 'fl Aquilse 

c Sagittarii . . 

i^ Aquilte 

\ay Caprici.mi. . 
a- Capricorni. 
o Pavonis.... 
p Capricorni.. 

E € Helphini. . . 

Tndi 

a Delphini. . . 
e Aquarii . . . 

1 Piscis Au«t.. 
a Capricorni . . 
'<: Cygni 



I 19 51 13-64 
57 22 56 

20 06 58 88 

12 57 22 

13 21 29 
18 4003 
24 00 67 

29 15 97 
:n 26 38 
35 49 13 
43 06 72 
56 01 85 

21 01 10 81 
09 29 99. 



+ 00 


— 


•21 


+ • 


+ 11 


+ 


10 


+ • 


+ ln 


- 


15 


+ • 


+ 10 


- 


05 


+ ■ 


+ 10 


— 


•05 


+ - 


+ 14 


+ 


•59 


+ ■ 


+ 11 




•00 


+ • 


+ 35 





25 


* 


+ 51 


+ 


37 


— ' 


+ 34 


— 


•29 


— ■ 


+ 37 


- 


08 


— ■ 


+ -45 


+ 


■15 


-■ ■ 


+ 41 


— 


•01 


— ' 


+ 30 


— 


44 


-■ 



25 
28 
25 
25 
25| 
46 
26' 

25 
40, 
26 
2\ 
30 
26 
29 



+ •07 
+ •06 
+ •04 
+ 03 

+ -a*t 

+ •02 
+ 01 

•00, 

•00 

-•01 

-•02i 

- 051 

•06 

•07 



02 



13 82 



02 23 

02 59 

02 57 

02 21 

04 41 

02 01 

02 15 

U3 26 

02 48 

•02| 06 

021 02 

02i 10 

«>2 2<) 



09 
10 
53 

m 

20 

a3 

80 
83 
89 
72 
08 
87 
47 



19 50 
56 

20 06 
1-2 
12 
18 
23 

28 
30 
35 
42 
55 

21 00 



36 
45 
21 
19 
43 
03 
23 

38 
49 
11 
2t> 
24 
33 



18 
48 
40 
85 
92 
67 
33 

08' 
13j 
33 
041 
48 
34 



37 



08 51 90 



+ 


01 


— 


02 


+ 


•07 


+ 


05 


4- 


05 


- 


10 


+ 


•07 


+ 


•09 



64 
61 
70 

68 

53 
70 

72 

70+ 07 
56; - 07 
68! +05 



60 
53 

48 



03 

•10 

15 
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DEPAUTMEST OF THE INTEIUOR 



IZ 



5-6 EDWARD VII.. A. 1906 



Station : Suva. 



TRANSIT OBSERVATIONS. 

Date, Aui^8t 22nd. 1903. 



ObHerver: Otto Klotz. 



c o 



Star. 



c I 



Transit 

over mean of 

threadn. 



t. s o 
> zr.'C 



K ii Arte 

ff Ophiuchi 
\ Scorpii . . 
a Ophiiichi 
rj Pavonis. . 
^ Ophiuchi 

W 7 Capriorni 
c Pegahi .... 
'5 Capricorn i 
j7 (Iniis . . 
a Griiis . . . 
7 Aquarii . 



h. ni. s. 

1 17 17 57 -21^ 
I 22 23 08 
, 27 4:MK) 
31 07 62 
' 36 56-59 

39 22-58 

21 35 25 -a*) 

40 07'83 
42 2:^ 821 
48 45-98, 

22 02 49 75, 
17 21 35' 



8. 

-r-«r7; 
-f -051 

4- -071 
+ •05, 
+ 09, 

+ 05 

! 

-00' 
001 
00' 

■00 1 
(K)i 
OOi 



s 

mm 



«. 



e3 

s 

o 



H. 



511 - 

19 - 

25: - 

82' - 

19i - 

I 
01| 

23' 

01 

20 

:^ 

14 



•38 

22 

-28' 

•22 

51 

22 



+ 23, 
+ 22 

+ 2:v 

+ •28 
+ 32 
+ -22' 






8. 

r= - 

I 

-t- 

+ 



a. 



et 
u 
u 

< 



11, 

28' 
27' 
2(> 
25 
24, 
24, 



8. 



19, 
20 
•211 
22' 
24 
- 27 



04 i 
02| 
03 

02 
05 
02 

02' 
021 
02 
03i 
OS, 
02, 









R. A. 



K ee I 



si 

5 ^ 
J 



1 


h. m. s. 


8. 


9. 


57 65' 


17 17 18-7r 


-38-94i + *<«:» 


23 571 


21 44-72' 


■a5 - 04 


43 8I1 


27 04-91 


•90 + 01 


07 33i 


30 28 44 


■89. '(JO 


57- 18, 


36 18-S3 


85'- 04 


22 44 


:« 43 54I 


•») * 01 


25 57' 


21 34 46-64i 


93 - 04 


07 60, 


39 28 79 


•81 


-•OS 


23-81, 


41 44-84I 


97 


+ -0S 


46 21, 


48 07 23 


•98 +-0i» 


50 15 


22 02 11 361 


79 - 10 


2114 


16 42-23 


•91 + Oi 



a^-'^485 r=~»217 
Chronometer correction at 19»' 49'"= -38" 81M— ' 012 



W '17 Aquarii. . . 

!f^ (iruis 

iO Fegasi. . 
7 Piscium 
T PegaHi. . 

K K Piscium . . 
t Piscium . . 
J5 Sculptoris. 
10 Pegasi. . . 
!w Piscium . . 
2 Ceti 



22 31 04 96| 
37 35 02! 

23 00 38 60' 
12 50-811 
16 3,317' 

I 
22 40 36i 

35 40-48 

44 34 79 

48 m2i)- 

55 02^(»3| 

59 28-67, 

I 



- 02! 

- 02 

- 01; 

- 02' 

- •<»2l 

1 

+ -28I 
+ •28 

-r M 

+ 25 
+ •28 
+ 32 



1 

»«1 


-I. 


21 


39' 


+ 


31 


.%' 


■♦• 


21 


19' 


i- 


21 


331 


-r 


23 



171 
21 1 

34 
22 
Oil 



21 
-21 
24 
22 
21 
22 



_ 1 


1 

•08 


03 


05 


■1- 


07, 


•03 


35 • 


4- 


03,- 


02 


38 


+ 


•01 - 


02 


50 




•oo| - 


•02 

1 


33 


_ 


•01'- 


•02 


40 


— 


04' - 


02, 


40 


— 


05'- 


02, 


34 


— 


•06'- 


02, 


15 


- 


•07i- 


02 


02 


— 


•08 - 


02 


28^ 



I 



74, 

51 

80 



03' 

I 

23 

28, 
93, 
90' 
39 



22 30 25 
36 56 
59 59 

23 12 11 
15 53 

22 00 
35 01 
43 55 
47 36 
54 23 
58 49 



77 
46 
23 
62 
72 

96 
00 
65 
<;5 
12 
40 



3!> 27 

•281 + 

•28,+ 

18 - 

•31i 



■27' 
■38.- 
•281 4 

-25,- 
•27, 
261 



0(> 
01 
01 
Oil 
<>4 

00 
01 
01 
<rj 
00 
01 



I 



a^ f 536 c--= --210 
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REPORT OF THE CHIEF ASTRONOldKR 
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SESSIOriAL PAPER No. 25b 



Station ; Suva. 



TRANSIT OBSERVATIONS. 

Date, August 23rd. 1J)03. 



Observer : Otto Klotz. 



Star. 



5 



K 



W 



Capri corn i. 
i: Cygni . . 
a Equulei 
6^ Microscopii 
S* Capricorn i 
fi Aquarii . . 
7 Capricorni. 

e Pej^asi. . . 
5 Capricorni 
7 Gruis. . . 
2oPega«i . . . 
a Aquarii 
a Toucani 
7 Aquarii . 











-^t- 


■ 


Transit 

over mean of 

threads. 


> cr.i 


Azimuth . 


h. m. s. 


s. 


8. 


21 01 13 85 


+ 17 


- 01 


09 32 08 


+ 12 


- 46 


11 42 71 


+ • 15 


21 


15 17 84 


-^•18 


4 -ii) 


21 51 % 


+ 17 


+ 05 


27 11-30 


+ 16 


- 12 


35 2715 


+ 17 


-01 


40 00 45 


- 12 


- 26 


42 25 27 


- 14 


- 02 


48 47 31) 


- 16 


+ 23 


57 05 08 


- lir 


- 20 


22 01 32 14 


- 13 


-16 


12 a5 w; 


- 20 


-r-76 


17 22 04 


-14 


-15 



8 

O 



+ 

4- 
+ 

4- 

+ 
+ 



24 

26 
23 
30 
25 
23 
23 

23 
24 
20 
24 
23 
47 
23 



c 
2 









u O 



R. A 



r= - 



c8 






2 


X 


10 


< 

8. 


-i 


P. 


• 


-1- 


06 


-02 


13 81 


+ 


05 


-02 


32 41 


-r 


05 


-02 


42 45 


+ 


04 


-03 


1802 


-U 


03 


-02 


51 94 


-r 


02 


- 02 


11 11 


-i- 


01 


- 02 


27 07 




00 


- 02 


00 28 


— 


01 


-02 


25 32 


- 


02 


- 03 


47 70 


- 


03 


- 02 


05 76 


— 


04 


-02 


32 Oi 


— 


05 


- 04 


36 (K) 


— 


06 


- 02 


22 80 



B 
c 

s: 
O 



t 

o 
o 



V. 



h. m. 8 

21 00 .S3 
08 51 
11 01 
14 37 
21 11 
2(5 30 
34 46 

39 28 
41 44 
48 07 
5i> 25 

22 00 51 
11 56 



34 
98 
98 
47 
40 
70 
65 

79 
84 
25 
30 
60 
17 



s. 



40 



16 42 24 



47; + 
43 - 

47 + 

55 + 
45- 

41 - 

42 - 

49 + 
48! + 
45 - 
46' 
42 - 
43- 

56 + 



01 

a3 

01 
09 
01 
05 

04 

03 
02 
01 
00 
04 
03 
10 



Station : Suva. 



a=+»-543 c=-'"227 

Chronometer correction at 21»' .39"»=— 40^*461 -"010 

TRANSIT OBSERVATIONS. 

Date, August 25th, 1903. 



Observer : Otto KLorz. 





' . •«. 






1 


1 


• 




c o 










t 




c 


















/«, 




>» 




« 


( 


8 








• 


Transit i c j: 


■ 


G 
O 




• 

a 
o 


o . 








Star. 
1 

s 


over mean of 
threads. 


Level a 
equa 
pivots. 


< 


Collimat 


i 

8. 

r^-10 


1 
« Aberrati 


Seconds 
transit 


R. A. 


Chronow 
cor 


V. 




h. m. 8. 


8. 


s. 


H. 




h. m. s. 


B. 


8. 


E 


o Toucani 


22 12 37-26 +45 


+ •60 


-.50 


+ 


12 


-04 


37 89 


22 11 5619 


-41 70 


+ 03 




rj Aquarii 


31 07-54 +29 


- 13 


-•24 


+ 


09 


-02 


07 53 


30 2579 


74 


+ 07 




i* Pegaai 


37 22 77 +27 


-•21 


-•25 


+ 


08 


-02 


22 64 


36 40 96 


•68 


+ 01 




ri Pegasi 


39 13 00 +23 


-•37 


-•28 


+ 


08 


-02 


12 64 


38 3102 


•62 


-05 




c Gniis 


43 26-92 


+ 40 


+ •:« 


- 39 


+ 


07 


-03 


27 35 


42 45 72 


•63 


-04 




\ Aquarii. 


48 18 37 


+ •30 


-07 


- 24 


+ 


06 


-02 


18-40 


47 3670 


70 


+ 03 




8 Aquarii. 


50 15 17 +31 


- 01 


-•25 


+ 


06 


-02 


15 26 


49 3360 


•66 


-01 


W 


ci; Piscium 


23 55 04 89 


- 01 


- 18 


+ •24 


_ 


05 


-02 


04-87 


23 54 23 17 


•70 


+ 03 




2 Ceti 


59 30-93 


- 01 


•00 


+ •25 


— 


06 


-02 


31 09 


58 49 45 


•64 


-03 




a Andromedae . . 


24 04 08 03 


•00 


-■36 


+ •27 


— 


06 


-02 


07 86 


24 03 26 07 


•79 


+ 12 




7 Pegasi 


08 59 bl 


-01 


- 24 


+ •25 


— 


07 


-02 


59 52 


08 17-86 


66 -01 




a Phoenicia 


22 13 57 


- 01 


+ •24 


+ 33 


— 


09 


-03 


It 01 


21 32 48 


•53^-14 




8 Andromeds . . 


34 53 98 


- 01 


- 33 


+ ^2H 


— 


11 


-02 


53 79 


34 12 10 


69i+02 




^ Ceti 


39 27 81 


- 01 


•00 


+ •2 


- 12 


-02 


27 90 38 46 24 


m 


-01 
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DErARTMKXT OF THE INTERIOR 



IX 



5-6 EDWARD VII., A. 1906 



Station: Suva. 



TRANSIT OBSERVATIONS. 

Dat<s August 27th, 1903. 



Observer: Otto Klotz. 



^ _. _ . _ 


1 i.S ® ' 


1 




1 






c 

. 


1 


Transit 1- 


1 

I 


• 

c 
o 


1 
I § 






11 




Star. 


over mean of * "eS ii 


•«3 




1 'a 


J5-S 


R. A. 


§0 r. 


p 1 
5 




threads. - == S 


i ' 


.5 
1 


< - 
X 1 < 


5 ^ 
3; '^ 




1" 

5 




h. m. 8. H. 


S. 


S. 


8 I 

r=--06. **• 




h. in. B. 


8. 


s. 


K ft Herculis . 


... 17 43 25-39 +08 


-•47 


27 


+ 03-02 


24 74 


17 42 4198 


I -42 76 --06 


89Herculi8 . 


52 16 19 +08 


- 45 


- 27 


+ l>2 -02 


15 55 


51 32-79 


-76 -W 


V Ophiuchi.. 


54 27 22 +10 


- 09 


24 


+ •02 - 02 


»» 99 


53 44-15 


•iM:+ 02 


7''Saffittarii. 


.. 1 18 00 20-99, + 11 


+ 15 


--28 


+ 011 -02 


20 S»6 


59 38-05 


•91 + 09 


i720phiuchi.. 


03 31 02 +09 


--28 


-•24 


+ 01 - 02 


30-58 


18 02 47-75 


-83-^ 01 


fi Sagittarii. 


. . 08 44-0(» +10 


+ 02 


- 26 


+01 - 02 

1 


43 85 


08 01 03 


-82 OCi 


W r) Serpen tis.. 


17 03 33i -22 


- 15 


+ 24 


-00-02 


03 18 


16 20 35 


-83-r 01 


la Telescopii 


...i 20 3:V42| - 29 


+ 39 


+ a5 


- 01 03 


3:V83 


19 51 05 


-78-04 


iX Saj^ittarii 


...., 22 46 31 - 25 


+ 08 


+ -27 


- Oil - 02 


45 38 


22 02 49 


•89+07 


'a Lyne . . 


34 25 19 - 16 


- (>3 


+ 31 


- 02 - 03 


24 60 


33 41 79 


•87!-^ or» 


|2 Aquilae. . 


. . 37 43 8(Xj - 2:^ 


-09 


+ 24 


- 02-02 


43 74 


37 00 95 


•79 - ai 


X Pavonis . 

1 


44 01-22 -36 

1 


+ 88 


+ -52 


- 03 


-04 


02- 19 


43 19 41 


•78|- 04 
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Chronometer correction at 18*' 13'"= -42" 82) 4-' Oil 



W |c Aquuie. . . 
f AquiliJB . . . . 
^ Sagittarii . 
(oAquilie. . 
B.A.C. 6r»32. 
•a Vulpeculje 
u Aquihe . . 

K ic» Sagittarii, . 
I7 Aquila*. . . . 
a Aquilie. . . . 
t Sagittarii. 

fi AquilHB 

r Sagittarii. . 
p Capricomi 



18 55 69-22 

19 01 43 201 
10 22 Oil 
14 01 93 
20 47 84 
25 -iO 31 
30 07 2; 

:V) 5<> 55 
42 2"» 35] 
46 49-531 
49 21 I61 
51 19 40 
57 28 37! 

20 2\ <H) 361 



-18 

-18 

-23 

- 19 

29 

•16 

-19 



+ 



+ 



+ 



r 19 

+ 17 - 
-15 - 

4- -2:^1 -(■ 

■r 16 - 
2OI 

19, 



4- 



32 


-1. ■ 


28 


+ • 


31 


-»- 


28 


-+• • 


•08 


f 


30' 


+ • 


•28 


+ 


27, 


+ • 


•68 


-f. 


46 


-t- ■ 


42 


+ 


29, 


+ • 


•25 

1 


f 


27; 


+ • 


(>2 





28 




28: 


— 


27; 




34 


- 


27 
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DEPAUTMEST OF THE INTERIOR 



5-C EDV/ARD VII. 



Station: Southport. 



TRANSIT OBSERVATIONS. 

Date, September 25th, 11K)3. 
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SESSIONAL PAPER No. 26fa 

TRANSIT OBSERVATIONS. 
Dftte, Septemtm- 29th, 1903. 
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5-6 EDWARD VII., A. 1 



Station : South port. 



TRANSIT OBSERVATIONS. 

Date, September SOth, 1903. 
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TRANSIT OBSERVATIONS. 

Date, October Ist, 1903. 



Observer : Otto Kloi 
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TRANSIT OBSEBVATIOKS. 
Date, October 2di1, 1903. 
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DEPARTMENT OF THE INTERIOR 
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5-6 EDWARD VM., A. 190 



Station : Southport. 



TRANSIT OBSERVATIONS. 

Date, October Sid, 1903. 



Observer: Otto Klotj 
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REPORT OF TSE CHIEF ASTRONOMER 
PAPER No. 25b 



TRANSIT OBSERVATIONS. 
DaUv October 6th, 1903. 
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ChrTmomcteroorreclion«t2S*37'"=-l'"21' 148+t' 009 
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DEPARTMENT OF THE INTERIOR 



IX 



5-6 EDWARD VII.. A. 1901 



Station : South port. 



TRANSIT OBSERVATIONS. 

Date, October 7th, 1903. 



Observer : Otto Klotz 



S 
O 



E 



W 



Star. 



^ Aquarii. 
€ Pegasi .. 
8 Capriconii 
7 Gruis 
a Aquarii. 
Pegaai.. 



( 



7) Pegasi.. 
e Gruis . . 
fi Pegasi .. 
X Aquarii. 
8 Ac(uarii. 
a Piscis AuBt 
a PegaHi .. . . 



Transit 

over mean of 

threads. 



h. 



m. 



_ SO 
0- u-.t 



> 



JS 



o & 



21 34 09 63 
40 59 74 

43 15-61 
49 37*87 

22 02 22 71 
04 04-52 

40 02 Os' 

44 16'a5' 
46 54-661 
49 08-271 
51 05 19j 
53 52-60 

23 01 81 07 



8. 

+ 17 
+ 14 
+ 18 
+ •22 
+ 16 
+ 12 

-07 
-16 
-07 
-10 
-11 
-13 
-08 






< 



8 



+ 



+ 



+ 



13 
23 
08 
08 
17 
33 

36 
24 
321 
13i 
08 
01 
26 



6 



8. 

-08 
-08 
-08 
-10 
-08 
-08 

+ 09 
+ 12 
+ 08 
+ 08 
+ 08 
+ 09 
+ 08 






r= 



8. 

-•86 
+ •26 

+ •22 
+ 20 
+ 17 
+ 09 
+ 08 

-18 
-15 
-16 
-18 
-19 
--20 
--26 



a 
.2 

I 

< 



8. 




•02 


09 


•02 


59- 


•02 


15- 


-03 


38- 


•02 


22 


02 


04- 


•02 


02- 


03 


16 


•02 


54 


-02 


07 


02 


04- 


02 


52- 


02 


30 



. h. m. 8. 

83, 21 32 38*60 
77' 39 2864 
81! 41 4463 
21i 48 06 97 
69, 22 00 5146 
29 02 8314 

161 38 30 96 

87 42 46 72 

17, 45 2290 

92' 47 36*74 

87' 49 33 65 

85 52 21 08 

53 59 5934 



m. 8. 

-1 31 



23 + 

23' + -(l 
18. - C 
24+( 

24+-( 

15;--< 

20- 
15-' 
27 +• 
18, - 
22 + 

27: + 

19 - 



a=+«-372 c=-»077 
Chronometer correction at 22»> 18">= -1™ 31" 21 5 4-" 010 



W 



E 



5 Sculptc^ris . . 

Pegasi 

w Piscium . . . 

2 Ceti 

a Andromedse 

? Pegasi .. . 
Toucan i 

/3 Hydri 

i2Ceti 

e Andromedte 

/3 Ceti 

8 Piscium 

loCeti 

/J. Andromedie 



23 45 2783 
49 0909 
55 56-63 

24 00 21 82 
04 58 68 
09 50 42 
16 36-79 

22 1605 
26 41 17 
35 02 37 
40 18-97 
45 15 23 
49 39*09 
52 59 45 



-16 
•10 

11 
•14 
-08 
-10 

27 



+ 



+ ■58 +1 
+ 17 
+ -12J 
+ -20' 
+ 14 
+ 17 
+ 10 



•00 


+ 18 


-35 


+ 16 


•26 


+ 16 


•08 


+ 16 


43 


+ 18 


■32 


+ 16 


•66 


+ •37 


64 


- 73 


•18 


-15 


43 


- 18 


•08 


-16 


•26 


-16 


•20 


-15 


■52 


- 20 



+ 20' 

+ 171 

+ 141 

+ lll 

+ 09, 

+ 06 

+ 02' 

-02 
-04 
-09 
-12 
-15 
-18 
-•20 



02 


28 03 


•02 


08 95 


02 


5554 


•02 


2185 


02 


68-42 


02 


50*20 


•05 


37 52 


-09 


17-43 


•02 


40 95 


•02 


01 77 


•02 


18 79 


•02 


14-78 


02 


38-71 


03 


58-60 



23 43 56 

47 36 
54 23 

58 49 

24 03 26 
08 18 
15 05 

20 46 
25 08 
33 29 
38 46 
43 42 

48 06 
51 26 



95- 


1 32* 


•98' 


31 


60 


32 


8(^ 


32 


46, 


31 


25 


31 


55 


31 


42 


32 


93 


32 


-89 


31 


•761 


32 


70 


32 


65 


32 


63 


31 



06 

04 
06, 
97 
95, 
97 

01 

02 

88 

03 

08, 

06 

97 



+ 

+- 
+ 



+ 

+ 
+ 



a=+"-455 c=-»155 
Chronometer correction at 24»' 19"= - 1»" 32"-005-»-« 012 



DEPARTMENT OF THE INTERIOR 



5-6 EDWARD VII., A. 19 



Station : Southpout. 



P Pavonu . 

f Cygni... , . . 

JlVuIptlCulK., 

T Piaoia AuBt. 
6 CBprioorDJ . . 



TRANSIT OBSERVATIONS. 
Date, October 9eh, ItW-t. 



.- Aqu«- 

fPavoniB . . , 
Capricomi . . 

S Aquftrii 



Observer : Otto Kujtg 



II 



20 3Bir49 




60 






r=-^-46 




1"- 


45 U« 




« 










14 


49 23 -51 




h 








-■01 


iW 


62 23-86 


+ ■10 - 


at 




12 




-OS 


22- 


57 17 !H 


+ lOi + 


(M 






+ -M 


--0I 


1H' 


21 02 27 01 


+ 'ir.| - 


07 








-■01 




06 16 06 


+ -ifii - 


11 




11 


+ 0. 


--02 


16- 


20 24' 16 


--3.I + 








-■05 






23 05M 


-■171 - 


(M 




r. 




--W 


;rt- 


28 24 •» 




If 




11 


-11 


-01 


f4 


34 33-21 




i: 




II 




--01 


.W 


41 23-;£ 


-ISi - 


m 




11 




-OJ 


n- 


















BO 01-50 






+ 


14 


- 29 


-03 


01- 



05 23'99 
21 00 32^»4 

04 21T9' 



21 11 

26 30- 
32 38 



Stdtinn: Southpoet. 



Chronometer correction at 21'' 14"= - 1" 51'217zh 
TRANSIT OBSERVATIONS. 

Date, October 10th, 1903. 



Observer: Orro Klotz. 



K 1)9 PavooU .... 

I Cygni ._. 

IjiVulpeculie. .. 

II PieciB Auat. . 
Ifl Caprionrai,. 
' Aqiiarii 

W L Pavonis .... 
. i Caurioomi . . . 

|/!Aqu«ii, .. 



Trenait 



!^^: 



J. -a 



49S4 4.1 

iJ2 34 751 

67 29'90| 

21 02 SSOo 

06 2792; 

20 35-98 
23 17'36i 
28 36-73, 
34 44 9bI 



I I M 



24-17 


20 36 18 


06 


-2 06 


•Mii* 


42 K 


W 




'M'M 


A7 2f 






MM 


50 28 


44 




mint 


65 23 






.WHh 








27-87 


04 21 


78 




.'W49 


18 30 


41 




17 « 


21 11 






W4t 


26 30 


:w 




44-flfi 


32 3H 


M 








W 




W)-hl 


41 44 


W 




IS 10 


48 06^93 





in at 21" 14™= - 2"06'^102±' 005 
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SESSlOrjAL PAPER No. 25b 



Station : South port. 



TRANSIT OBSERVATIONS. 

Date, October 11th, 1903. 



ObKerver : Otto Klotz. 



SUr. 



Transit 

over mean of 

threads. 



O 



E 



s o 

^ 3 O 



3 



J3 

a 



[p Capricomi. 
|c Oelphini. .. 
3 Pavunis. . . . 

c Cy^i.. 

M Aquarii . . . 
.^iVulpeciilffi. 
I Piacis Aust 



h. m. 8. 



VV IB Capricomi 
a^ Aquarii. . . 
i" Cygni .... 
■ a Equulei. . . 
-y Pavonis. . 
I/* Capricomi. 
^ Aquarii. . . , 



20 25 39 
30 54 
38 34 
44 37 
49 45 
52 45 
57 40 

21 02 49 
00 38 
11 08 
13 18 
20 46 
23 28 
28 47 



444 

39 
20 
09 
26 
50 
73 

83 
8.^ 
70 
72 
87 
23 
57 



1 

H. 




-f- 


09 


+ 


07 


+ 


16 


-f- 


05 


+ 


08 


+ 


U5 


+ 


10 



J». 



o 



O 



i 

s 



§ 



< 



r = 



+ 



16 
16 
10 
13 
31 
17 
15 



-I- 



06 
231 
56 
38 
11 

33; 

04 
06 

lol 



+ 
35 + 



19 
54 
04 
14 



+ 
+ 



11 
11 
27 
13 
11 
12 
13 

n 

11 

12 

11 

26; 

12 

11 



8. 

+ 

+ 
-f- 

+ 
+ 




44 
23 
191 

h| 

06 
04 
00 

04 
06 
11 
11 
16 
19 
23 



8 



I 



02 
02 
05 
02 
02 
02 
02 

02 
02 
02 
02 
05 
02 
02 



39 
54 
34 
36 

45 
45 
40 



57 
29 
80 
71 
16 
12 
72 



49 66 
38 60 
08-24 
18-38 
47 15 
27 931 
47 14 



R. A. 



O 



h. m. 8. 

20 23 2C 
28 37 
36 18 
42 19 
47 28 
50 28 
55 23 

21 00 32 
04 21 
08 51 
11 01 
18 30- 
21 11 
26 30 



u 


m. 8. 


8. 


•74 


-2 16 83>- 


50 


79' • 


00 


•80 + 


•92 


79i • 


•38 


78 


— • 


•38 


74 -• 


95 


•77 -• 


91 


•75 


* 


•76 


•84 


4-- 


44 


80 


+ • 


58 


•80 


+ • 


37 


•78 


— ' 


12 


81 + 


•36 


•78 


_ • 



o=+-357 r^-'lOO 
Chronometer correction at 20»' 57"»= -2"* 16* 789 -•005 



»^ 



a=+"298 c=-»093. 
Chronometer correction at 22*»28»"= -2»"17' 466d='005 



04 
00 
01 
00 
01 
05 
02 

04 
05 
01 
01 
01 
02 
01 



< Pefjpisi 


21 41 45-86 


- 13 


-19 


f 09 


+ 34 


-02 


45 951 21 39 28 49 


-2 17 46 


-01 


i ^ Capricomi 


44 01-87 


-16 


-06 


+ 10 


+ 32 


-02 


0205 


41 44 58 


•47 


00 


; "7 Oruis 


50 24-17i - 19, 


+ 07 


+ 12 


+ •28 


-as 


24 42 


48 06 91 


-51 


+ Ot 


' o Aquarii 


22 03 08 91 - 14 


-14 


+ 09 


+ 19 


-02, 


08-89 22 00 51-41 


•48 


+ 01 


4 Pegasi 


04 50 62 - 10 


- 26 


+ 10 


+ •17 


02' 


50 51 02 33 09 


42 


- 05 


« Toucani 

1 


14 12 86 


- 2<»' 

1 


+ •33 


+ 19 


+ 10 


-04 


13181 11 55-72 


•46 


-01 


• € Gruis 


45 03 04 


+ ■17; 


+ 19 


- 15 


- 13 


03 


03 09 


42 45 64 


•45 


-02 


- i Aquarii. 


51 51 28 +12 


- 06 


- 10 


- 16 


-02 


51 06 


49 33 62 


44 


-03 


' a Pitwis Aust . . . 


54 38-68 +13, 


+ 01 


- 11 


- 18 


-02 


38 51 


52 21 04 


47 


•00 


a Pegasi 


23 02 17-29 +08 


- 21 


- 10 


-•25 


-02 


16 79 


59 59-31 


4H 


+ 01 


c* Aquarii. 


06 87-78 +12 


- 04 


- 10 


- 27 


- 02i 


37 47 


23 04 20 01 


•4<' 


-01 


y Toucani 

J 


14 07 73 +19 


+ 30 


-18 


- 34 


-04 


07-66 


11 50-18 


-48+01 
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DEPARTMEyr OF THE INTERIOR 



5-6 EDWARD VII., 



Station: Southpokt. 



TRANSIT OBSERVATIONS. 

Date, October 12th, 1903. 



Obeerver : Otto 



E 



W 




/3 Pavonis 

e Cyg^ni. 

fi Aquarii . . 
I32 Vulpeciilee.. 
I Piscis Aust. 
\0 Capricomi .. 
^p Aquarii.. . . 



f Cygni 

a Equulei . . 

Pavonis 

Caprioorni. 

^ Aquarii 

^ Aquarii 

e Pegasi 



} 







s 














• 

t 

8 




'U *» 




c 




• 


•*• 




Transit s- 
over mean of, * A 


• 


.2 




§ 


0*5 






<8 




4^ 


Seconds 
transi 


R. A. 


threads. 




9 
S 

N 

< 


B 



1 

8. 

r=- 36 


£ 
< 

8. 


h. m. 8. 


h. m. 8 


■ 


» 




8. 


8 






20 38 46 


06 


+ 


06 


+ 55 


— 


22 


+ 


19 


-05 


46-59 


20 36 17 96 


44 48 


72 


+ 


02 


- 37 


— 


10 


+ 


•10 


- 02 


48-41 


42 19 90 


49 56 


98 


+ 


03 


- 11 


— 


09 


+ 


12 


-02 


56-91 


47 28-36 


52 57 


17 


+ 


02 


- 33 


— 


10 


+ 


•11 


-02 


56-85 


50 2836 


57 52 


49 


+ 


04 


+ 04 


— 


10 


+ 


•08 


-02 


52 53 


55 23 93 


21 03 01 


50 


H- 


03 


-07 


— 


09 


+ 


•04 


-02 


01-39 


21 00 32 89 


06 50 


48 


+ 


03 


-10 


— 


09 


+ 


02 


-02 


50 32 


04 21-75 


11 26 


46 


— 


11 


- 34 


+ 


10 




01 


-02 


20 06 


08 51-42 


13 30 


46 


— 


16 


-19 


+ 


09 


— 


•02 


-02 


30- 16 


11 01-55 


20 5« 


53 


— 


37 


+ 53 


+ 


21 


— 


06 


-05 


58-79 


18 30 83 


23 39 


92 


— 


20 


- 04 


+ 


09 


— 


•08 


-02 


39 67 


21 1110 


28 59 


27 


— 


17 


-13 


+ 


•09 


— 


11 


-02 


58 93 


26 30-35 


35 07 


53 


— 


18 


- 13 


+ 


09 


— 


15 


-02 


0714 


32 38 53 


41 57 


56 


— 


15 


- 22 


+ 


09 


— 


•19 


- 02 


57 07 


39 28 48 



c 

c 

■ « 

i 

a 

£ 

O 



m. c 

-2 28 



a=+»-354 c=-»086 
Chronometer correction at 21*» 10™= -2™ 28" '565- 



012 



W 



E 



8 Capricomi., 

7 Gruis 

a Aquarii . . 

I Pegasi 

a Toucani 

y Aquarii . . . 

fjL Pegasi . . 
X Aquarii . . . . 
d Aquarii . . . . 
a Piscis Aust. 
e'^ Aquarii . . . 
y Toucani . . . . 



21 44 13 
50 35 

22 03 20 
05 02 
14 24 
19 11 

47 52 
50 05 
52 02- 
54 50 

23 06 49 
14 19 



-52 


1 
-161 


-06 


+ 06 


+ 25 


•89i - 19; 


+ 06 


+ 08 


+ •21 


•55; -14 


- 13 


+ 06 


+ 13 


•31! -10 


-•24 


+ 07 


+ •12 


511 --27 


+ 31 


+ 13 


+ 07 


-36' - 14 

1 


-12 


+ 06 


+ 04 


35! +08, 


- 24 


-07 


- 13' 


92 


+ II1 


- 09 


-06 


- 15| 


-88 


+ 12 


-06 


- 06 


-16 


-16 +14 


+ 01 


-07 


- 17 


•20 


+ 12 


- 03 


-07 


- 25 


•27 


+ 19 


+ •27 


-12 


--29 



02 
03 
02 
02 
04 
02 

02 
02 
02 



13 
36 
20 
02 
24 
11 

51 
05 
02 



02; 50 
021 48 
04 19 



59 
02 
45 
14 
71 
18 

97 
71 
70 
05 
95 
28 



21 41 44 56 


-2 29 


48 06-89 


1 


22 00 51-40 




02 3307 




11 55 69 




16 42 13 




45 22-86 




47 36-70 




49 33 61 




52 21 03 




23 04 20 00 


28 


11 50-17 


29 



a=+'»-277 c=-«-062 
Chronometer correction at 22** 25™= -2™ 29" 053+-" Oil 
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SESSIONAL PAPER No. 2&b 

TRANSIT OBSERVATIONS. 

Station : IJODTHFORT. Datt>, October 13th, 11)03. Obaervf r : Orro Klotz. 



: k Gi 



Peg«i.. 

?iaciB Auat . 



PfgMi. . 

7 Toqcuii. 
Peg«i.. 
Pucium, 



Tnncit ll::: 
ver metui of ' ■« .^ 
thread*. -3 = g 



h. 111. B. 
28 46 26-3n 


"■ 


48 03-21) 








62 13-7S 




»oi or 


+ ■ 


23 02 39 79, 








14 30■2^ 




IH 34'nH 





•fia 


25 W 


23 42 ■» 57 


-2 




fW-W 


4&22 8e 










13 W 


49 33-80 


■02 


waa 


52 21 '02 


■rr» 




69 59-29 








(14 




11 60 15, 






16 63 81; 


■vi 


41 40 


22 0116 





Sl'tion ; SonniOBT. 



Chronometer ciirrection M 23^ 06™ = -2™ 40'-22Bv-009 

TRANSIT OBSERVATIONS. 

D«te, October 15th, 1903. 



Ob«rver : Orro Ki/vrit. 



"\ 




b'3 











,-■ 


g 






Tmuit 


1= 




s 




d 


. 


11 




1 '^ 












< 








thread*. 


Ui 


1 

< 


1 




n 


1 




1 


h. m. H. 


^ 


8. 


B. 


,.!-.J - ; 


h. m. R. 


u:. ". ' ^ 


8 y Grab 


21 61 ion +-W 






+ -35 - 03 10 41 2H« 068£ 


-3 03-:#! -00 




22 14 68-ft-i +■% 


+ ■34 




+ 18 -04 59 281 22 11 66-81 


-67, + -ll 




19 46 73 +« 


-•IS 




+ 14; --02] 46 65 16 42-0! 


-of 


IKI 




28 37-74 -(--(W 


- -OS 










1 Aqtuni. 


33 29-43 +03 


-U 


-10 


-04 - O2I 29 18 3025-68 


■48 


-08 














2S 03 03 32 - 111 - 21 


+ -K 




02-89' 6B6B-28I ei 


+ •<* 










53-68i 23 11 6011 47 


-OB 




18 67-9HI --ml --26 


+ 11 


- -3.) - 0; 


67'42l 15 63-R4, 'Ht 


+ ■112 




25 05-28 


-13 


- -1,-. 


-» 


- 35 


-Oi 




22 01 or 


-ue 


+ 10 



Chronometer correction at 22*' 3S'"; 
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DEPARTMENT OF THE INTERIOR 



5-6 EDWARD VM., 



St:ition : Southport. 



TRANSIT OBSERVATIOiSS. 

Date, October ICth, 1903. 



Ob8*»rver : Or 



O 



Star. 



E /3 Capricomi , 
p Caprioorni, 
€ Delphini. . , 
/3 Pavonis . , 

c Cy^i 

^ix Aquarii. . 
3? Vulpeculse 



W 



B Gapricorni 
V Aquarii. . 
f Cvgni . . . 
a Equulei . 
7 Pavonis . 
f Capricomi 
^ Aquarii. 







a o 




>» 






^** 




Transit 


i-z 


• 


over mean of 


- *iS 


•is 


threads. 


© So 


9 


9> 9i tu 


•<— 




•J 


< 


h. m. 8. 


s. 


P. 


20 18 60 


73 +17 


-09 


26 36 


79 


+ 17 


-07 


31 51 


78 +13 


-•24 


39 31 


36, +33 


+ 59 


45 34 


45! +09 


- 40 


50 42 


68 +16 


- 12 


53 42 


92 +11 

1 


- 35 


21 03 47 


37 


-16 


-07 


07 36 


32 


- 16 


-11 


12 06 


15 


-10 


- 37 


14 16 


28 


-1? 


-•21 


21 44 


11 


- 31 


+ •57 


24 25 


71 


- 17 


- 04 


29 45 


10 


-15 


-14 



s 
,o 

'♦3 

cS 



O 



+ 
+ 
+ 
+ 
+ 
+ 
+ 



11 
IL 
11 
28 
13 
11 
12 

12 
11 
13 
11 
27 
12 
11 






S. 

r= - 

+ 
+ 

+ 
+ 
+ 
+ 
+ 



45 
27 
21 
17 
12 
07 
03 
01 

07 
10 
14 
15 
20 
23 
27 



.o 

fc 

< 



8. 



02 
02 
02 
05 
02 
02 
02 



02 
02 
05 
02 
02 



^-^ i 

2C 



50 
36 
51 
32 
34 
42 
42 



02; 47 
02. 36 



05 
15 
44 
25 
44 



95 
96 
71 
07 
06 
62 
55 

17 
04 
65 
88 
39 
37 
63 



R. A. 



u 

I 

C 

o 



h. m. 8 



20 15 36 
23 22 
28 37 
36 17 
42 19 
47 28 
50 28 

21 00 32 
04 21 
08 51 
10 01 
18 30 
21 11 
26 30 



62 
65 
41 
73 
82 
30 
29 

83 
69 
34 
51 
16 
04 
29 



m. 
-3 1 



a=+»381 c=-"110 
Chronometer correction at 20»^ 54™= -3™ 14" 311+-*009 



W 



E 



( Aquarii. 
e Pegasi.. 
3 Capricomi 
7 Gruis 
a Aquarii. 
( Pegasi .. 
a Toucani 



r* Aquarii. . 
7 Toucani . 
r Pegasi ... 
K Piscium 
I Phcenicis 
t Piscium . 



5 Sculptoris 



21 35 53 
42 43 
44 59 
51 21 

22 04 06 
05 48 
15 10 



23 07 35 
15 05 
19 09 
25 16 
33 10 
38 17 
47 11 



26 
41 
31 
62 
36 
17 
15 

20 
02 
63 
71 
32 
02 



+ 
+ 
+ 
+ 
+ 
+ 
45 + 



16 
13 
17 
21 
15 
11 
29 



+ 



+ 



23 

30' + 

15 - 

19' - 

28 + 

18i - 
251 



13 
24 
08 
09 
18 
34 
43 

05 
38 
33 
19 
11 
21 
00 



+ 
+ 

+ 
+ 

+ 
+ 
+ 



13 
13 
13 
16 
13 
14 
26 

14 
24 
13 
13 
17 
13 
14 



+ 
+ 

+ 
+ 
+ 
+ 
+ 



49 
45 
43 

38 
28 
27 
20 

20 
25 
28 
33 
39 
42 
49 



02 
02 
02 
03 
02 
02 



02 
03 
02 
02 



53 
43 
59 
22 
06 
48 



04 10 

02! 35 
04 05 
02 09 



16 
10 
16 
11 



57 

6OI 
60; 

01, 

42 

111 
71 



23 
02 
23 
15 
42 
05 



21 32 38 
39 28 
41 44 
48 06 

22 00 51 
02 33 
11 55 



02 23 04 19 



11 50 
15 53 
21 61 
29 55 
35 01 
43 55 



47 
42 

50 
84 
35 
01 
58 

97 
10 
84 
13 
03 
26 
96 



3 1 



a=+"388 c=-«126 
Chronometer correction at 22*' 41™= -3™ 15" 119-I--008 
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SESSIONAL PAPER No. 25b 



Station: Sydney. 



TRANSIT OBSERVATIONS. 

Date, October 7th, 1903. 



Obeerver, W. E. Raymond. 



c o 



8Ur. 



Transit e]Z 


• 


over mean of. * 5 


.2 


threads. -^ |. 5 


6 


^ * s. 


N 


^ 


< 







h. m. !(. 



8 



I Piacis Aust 1» 55 00 

^CapHcomi I 21 CO 08 

* Caprioomi 21 



i" Caprioomi 
^ Aquarii 



21 
21 



16 29 
20 47 



1-49, 

56' 

61 

06' 

26 05 34! 

i Aquani | 21 32 13 64 

65! 
12 

a Aqtuurii [ 22 00 26 08 

22 02 06 28 
'48 
I 49 



' Capricomi 



21 39 02 
21 41 20 



I 



'Aquarii i 22 25 09 

'A<iuarii 22 30 00 



06 
05 
05 
06 
05 
05 
04 
05 
05 
03 
05 
05 



+ 
+ 1 

4 
+ 1 

+ 2 



09 
98 
04 
73 
,60 
50 
38 



^1 04 
^1.86' 
+ 3 26 
4 1-35! 
+ 1 86 



5 
^ 









be 



8 



si 



R. A. 



c^ 



h. m. H 



. 

I 9 

:» 

47 

6 

1 15 

4 

21 

I 27 

9 

10 

2 



•52 
49 
(H), 
73 
89 
09 
1)9 
11 

51 

•78 
30 



20 55 24 

21 00 32 
16 54 
21 



21 

21 

21 26 30 

21 32 38 

21 39 28 

21 41 44 

22 00 51 
22 02 33 
22 25 34 
22 30 25 

Mean. . 



11 



03i 

97 

06 

18 

41 

50 

54 

62 

45 

14 

29 

76! 



^1 

9r £ 



c 
s 
o 

u 

o 



s. 

23 51 
23 48 
23 46 
23-45 
23 52 
23 50 
23 55 
2:3-51 

23 63 
23 51 
2:5 46 
23 51 



Stat:i 



»«>»» : Sydnby. 



Chronometer correction at 21*^ 39™ = +23"'51 

TRANSIT OBSERVATIONS. 

Date, October 8th, 11K)3. 



c o 



SUr. 



Transit i c;:^ 
over mean of ■ * « 5 "5 
• threads, t- f.^ 



• - 1' — 



< 



h. m. 8. 

« ^<l^i«uil 20 42 02 

f^-^^arii 20 47 02 

i'^^^l*c«laB 20 50 00 

\ rJ^^yisAust 20 54 59 

• V?l>i-iconii i 21 00 07 

^ V.*''*^«>*'«u 21 16 28 

V,^l*ricomi 2120 45 

P Ac^uarii 21 2f> 04- 

I; Aquaril 21 32 12' 

« PeK»«i 2139 01 

5 Caprioomi 21 41 18 

7 ^niis 21 47 42 

a Aqtiarii 22 00 24 

tf Aqwtfii 22 25 08 



8 



42 

29 

27. 

23 

22 

34' 

76 

06 

36 

35 

84 

57 1 

75 

11 



06 
06 
04 
08 
07 
07 
07 
06 
0<J 

a5 

07 

08 
06 
Of) 



8 

+ 1 
-1 

-^3 
+ 
^0 
+ 1 
+ 

- 1 
+ 1 

-r2 

^1 

-0 
+ 1 
+ 1 



38 
43 
37 
09 
97 
02 
71 
58 
48 
35 
02 
30 
84 
33 



Observer, W. E. Raymond. 





1 i 
1 8 


1 


• 

i 2 






R. A. 


S fc 




, IS 




c5 


D 


C «3 






43 


Ti ^ 


' 


u 


e8 


£ *^ 


1 


j= 


a: 


Zfl 




• 1 


^ 






h. m. s 


8. 




3 


74 


20 42 28 


60 


+ 24 86 




3 


66 


20 47 28 


42 


24 76 


• 


3 


60 


20 50 28 


44 


24 84 




59 


24 


20 55 24 


01 


24 77 


h 


8 


12 


21 00 32 


96 


24 84 


* 


29 


29 


21 16 54 


04 


24 75 


S 


46 


40 


21 21 U 


16; 


24 76 


CQ 


5 


58 


21 2<> 30 


40 


24 82 




13 


78 


21 32 38 


5S 


24-80 


be 

c 


3 


65 


21 39 2S 


53 


24-88 


s 


1 19 


79 


21 41 44 


61 


24 82 




. 42 


19 


21 48 m 


97 


24 78 




' 26 


53 


22 00 51 


44 


24 91 




9 38 


22 25 34 


28 


24 IK) 






Mean. . 


- 


24 82 



Chronometer correction at 21»» 23"» = - 24"- 82. 




DEPASTUBUT OF THE n'TERIOR 



5-6 EDWARD Vrr., A. 1908 



SUtiim : St»NHT. 



TRANSIT OBSERVATIONa. 

D«ts, October 3rd, 1903. Obrerver : W. E. RAiaoNH. 



I h. u 



u. Aqjio 



3»Viilpeoul(e 20 

1 Piat^AuM I 20 

8 Caprioorni | 21 

( Caprioorni. ' 21 

y Pavonia 21 

f Caprioorni ] 21 

P Aquarii i 31 

« Aquarii 21 

( Pegasi I 21 

it Caprioorni 21 

7 Rruis ■ 21 

Chronometer 



tw 




+ ," 


f-T 


-■03 +3 






Kl 




+(i 


■m 












■iii 


- ft-. 










T. 






■«. 






If 


-■« 




-»5 


-or. 







1 E 
















"Sj 


R, A. 






i^ 




_A_ 


— 


h. in. B. 


, 








■ 897 


20 6(1 28 53 






20 SB 24 09 




14 M 


21 00 33 02 




1 SD-K 


21 16 wn. 


8 


12 W 




6277 


21 21 11 24i 




11 » 


21 26 30 461 










10 01 


21 39 28 59, 


r 






48 « 


21 48 0y04 






Mean 



.1 

i§ 



t2lK 31 "1= +1^-40 



TRANSIT OBSERVATIONS. 

Date, Oclolwr fith, 1903. Obwrver : H. A. Lbnehan. 



B'Scorpii 

S Ophiuehi,,.. 

a TrianR. AubL 

II Ophiuehi 



!j.^. 



h. m. a. 




16 59 2T 08 


-■08|+0- 


16 08 53 81 




16 23 07 4S 


-■08'+0- 






16 43 33 M 




IT 04 28 11 


- 07+1 




Chronometer correction at 16'' 2! 



H Aqua 



. 20 4' 



jjViilpeeuliB 20 

1 Piacii Auat - ... 20 66 02 

,d Aquarii 12126 06 

y Cruia .... I 21 47 41) 

a Aquarii , 22 00 27' 

■ Ppgaai . ...1220207 



6 45 


^47 78 


45 


+ 22 






47 




2-IM 


20 66 24 


IM 


n 


"■■■H 


21 26 30 


43 


■>•>. 










M-Hf 


22 00 61 


46 


•f/. 


^-i\^, 


22 02 33 








Mean. . 




22 



.tai'^ZI^^ +22-07 
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SESSIONAL PAPER No. 25b 



Stotion: Sydney. 



TRANSIT OBSERVATIONS. 

Date, October 7th, 19a3. 



OlxwTver, W. E. Raymond. 



SUr. 



Transit 'e'^ 
over mean of ** f 5 
threads, t cr^ 

■m- Zl mm 



.2 

4^ 



< 



h. 



in. s. 



1 Pw 



'« -Aust. 



20 55 00-49 
CO (^8-56 
10 2{l ()1' 

21 20 47 («' 



2<5 05 34: 



^ Capacorni -21 

t if P^oorni ,21 

i \^prj€i^Tni 21 

J Aqua.i-ii 21 

Aquarii I 21 32 13 f)4 

Pe^i^i 

Caprioorni 

Aqua^s-ii 

V«jra^i 

Aqu*i.w-ii I 22 55 09 48 

Aqu«.irn 22 30 00 49 



21 39 02 05, 

21 41 20 12 

22 00 26 (W 
22 02 0<) 28 



*». 



•06 

05 

•05' 

•06i 

•05| 

•05 

•04, 

•05' 

•05; 

•03| 
05; 
05! 

I 



1 

1 
. •> 

1 
1 
3 
1 
1 



09 
98 



X 



04 




73 


>^ 




tm 


60 


i 


60 


CC 


38 


•^ 


04 


K 
1— 1 


86 


tc 


26 


.s 


a5 

8<> 


J 



t 



fc. Ti 



^4 

s S 


R. A. 


18 


!'■ 




2 

6 




h. III. H. 


s. 


0-52 


20 55 24 03 


-23 51 


9 49 


21 00 32 ;)7 


23 48 


;iO (K) 


21 16 54 06 


23 46 


47 73 


21 21 11 18 


2;V45 


6 89 


21 2«> 30-41 


23 52 


15 09 


21 32 :}8 59 


23 50 


4 99 


21 39 28 54 


23 55 


2111 


21 41 44 62 


21^51 


27 -891 


22 00 51 45 


z^m 


9 51 


22 02 33- 14 


2:V63 


10 78, 


22 25 34 29 


23 51 


2 30 


22 :iO 25 76, 


23 46 




Mean 


23 51 



Chrmonieter correction at 21'' 39"' - f 23'"51 



Sutioix r Sydney. 



TRANSIT OBSERVATIONS. 

Date, October 8th, IIKW. 



SUr. 



' 2 •— < 



Transit 
over mean of, * « ^ ' "Z 
• threads, rr ^^ 



a' 



h. m. 



s. 






€ Aqviarii , 20 42 02 

M Aciuarii 20 47 02 

3: V ulj^jeculBB , 20 50 (H) 

1 ]}^^^ Aiwt I 20 54 59 

^ ^aprioomi . 21 00 07 

* ^*Pncorni I 21 16 28 

f^Prioomi 2120 45 

P Aquarii , 21 26 04 

^ Aquaril 21 32 12 

',V?K»8i 2139 01 

« VfP"«>rai , 21 41 J8 

> ^ruis , 21 47 42 

* Aquarii 22 00 24 

<^ Aquarii 22 25 08 • 



42 
29 

27i 
23 

34 
76, 
0«> 
36 1 
35 

«4, 
571 
75 
11 



(X), i 1 
0«)i + l 
04 1 4-3 
08| rO 



07 
07 
()7 
(Hi 
06 
05 
07 



^0 
fl 
+ 
• 1 
fl 
f2 
f 1 



08 -0 
06 +1 
Of) +1 



eS 
X 



;38 

43 
37 
09 
97 
02 
71 
58 
48 
35' 
02 
30| 
84 
33i 






01 

CO 



be 

a 



Observer, W. E. Raymond. 



8 



3 74| 

3 6(5 

3 (K) 
59 24 

8- 12 
29 29 
4(; 40 

5-58 
13 78 

3 65, 
19 79I 
42 19, 
26 53' 

9 38! 



R. A. 



h. in. s. 

20 42 28 60, 
20 47 28 42 
20 50 2844 

20 55 24 01 

21 00 .32 % 
21 16 54<>4, 
21 21 11 16' 
21 26 .30 401 
21 32 .38 58' 
21 39 28 .53, 
21 41 44 61 

21 48 06 97, 

22 00 51 44 
22 25 34 28, 

Mean 



U.2 



24 86 
24 76 
24 84 
24 77 
24 84 
24-75 
24 76 
24-82 
24-80 
24 88 
24 82 
24-78 
24 91 
24 90 
24 82 



Chronometer correction at 21 »' 23"' -- i 24" 82. 
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DEPARTMENT OF THE INTERIOR 



5-6 EDWARD VII., 



The following observations on November 5, January 22 and 23, were i 
determining the differential personal equation between H. A. Lenehan, W. 
mond and Otto Klotz. The first two were the observers at Sydney during t 
tude campaign, while the last was at Southport: — 

PERSONAL EQUATION. 
TRANSIT OBSERVATIONS. 

Date, November 5th, 1903. 



Station : Sydney. 



Observer : W. E. R 



Star. 



^ Aquarii . . 
e PegBsi . . . 
8 Capricorn i 

i6 Pegrasi 

a Aquarii . . 
I Pegasi . . . 
c2 Aquarii . . . 
€ PiHcium . . 
^ Piscium . 



Corrected transit 

over 
mean of threads. 



H. A. 



h. 

21 
21 
21 
21 
22 
22 
23 

1 



m. 

32 
39 

41 
48 
00 
02 
04 
57 
08 



H. 

35 22 
25 15 
41-29 
38-76 
48 17 
29-74 
16-87 
55 42 
40-64 



h. 



m. 



21 32 

21 39 

21 41 

21 48 

22 00 

22 02 

23 04 

57 

1 08 

Mean 



8. 

38 18 
28 12 
44-20 
41 75 
51-07 
32 70 
10 74 
58-30 
43 61 



Chi 

CO 



Chronometer correction at 23»» 25™ = + 2- 9344::» 010 



Station : Sydney. 



PERSONAL EQUATION. 
TRANSIT OBSERVATIONS. 

Date, November 5th, 1903. 



Observer : Ottc 



Star. 


Corrected transit 

over 
mean of threads. 


R.A. 


Chi 

COl 


7 Piscium 

T Pecrasi 


h. m. B. 

23 12 08 79 

23 15 50 90 

23 21 58 11 

.23 29 52-08 

23 34 58 30 

23 53 43-09 

23 58 46-86 

03 23 49 

08 15-24 

14 29-80 

20 26 51 

25 05 95 

33 27 01 


h. m. J 

23 12 11 

23 15 53 

23 21 60 

23 29 54 

23 34 61 

23 53 45 

23 58 49 

03 20 

08 18 

1» 32 

20 29 

25 08- 

33 29 

Mean .... 


57 
64 
97 
76 
11 
89 
65 
32 
16 
60 
41 
87 
80 

■ . • 




K Piscium 

1 Phcenicis . 

t Piscium 

27 Piscium 

2 Ceti 




a Andromedie 

7 Pe(j[aHi 

( v^eci 

44 Piscium . 

12 Ceti 

e Andromedae 





Chronometer correction at 23»' 25™= +2' 815 "015 
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I^AL PAPER No. 25b 

PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 



Stdney. 



Date, November 5th, 1903. 



Observer : H. A. Lenehan 



Star 



Corrected transit 

ever 
mean of threads. 



IS 
B. 



h. m 

22 25 

22 30 

22 36 

22 38 

22 45 

22 47 

53 

1 01 
1 19 



31 
22 
37 
27 
19 
33 
56 
45 
11 



04 
55 

m 

70 
70 
61 
47 
90 
35 



R.A. 



h. m. 8. 



22 25 

22 30 

22 36 

22 38 

22 45 

22 47 

53 

1 01 
1 19 
Mean 



33 95 
25-45 
40 62 
30 59 
22-58 
36 45 
59 28 
48-58 
14 11 



Chronometer 
correction. 



8. 



+2 91 
2-90 
2-96 
2-89 
2-82 
2-84 
2 81 
2-68 
2 76 

2-841 



tYDNET. 



Chronometer correction at 23"^ 25™^ +2-841 i' 01 9 
PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 

Date, January 22nd, 1904. 



Observer : W. E. Raymond. 



Star. 



^jonim 
is 



Corrected transit 

over 
mean of threads. 



R.A. 



h. ra. 8. 

3 38 08-37 

4 29 54 66 
4 33 16 85 
4 44 07 61 
6 27 59 87 
6 17 58 51 
6 37 32 11 



h. m. 

3 38 

4 30 
4 33 

4 44 

5 28 

6 18 
6 38 
Mean. 





Chrononieter 




correction. 


s. 


8. 


39 67 


+ 31 30 


25 89 


3123 


48 00 


31 15 


.38-87 


31 26 


31-04 


31-17 


29-82 


31 31 


03 24 


31-13 


■ • • • 


31 221 



YDNEY. 



Chronometer correction at 5»» 32^ = +31«-22lrb''*018 
PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 

Date, January 22nd, 1904. 



Observer : H. A. Lexehan. 



Star. 


Corrected transit 

over 
mean of threads. 


1 

R.A. 


Chronometer 
correction. 




h. m. s. 

4 35 59 13 

5 09 25 49 
5 2(> 36 23 

5 :S5 40 5S 

6 16 08 08 
6 31 40 34 


h. m. 8. 

4 36 30 24 

5 09 56-68 
5 27 07-42 

5 36 11-81 

6 16 39-23 
6 32 11-66 
Mean 


8. 

+ 3111 




31 19 
31-19 


t 


31-23 


ajoria. 

tim 


31 15 
31. 2J 




31 182 



Chrc.nometer coirection at 5^ 32»"= +31»-182zb'*012 



-10 
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DEPARTMENT OF THE INTERIOR 



5-6 EDWARD VII., 



Station: Stdnky', 



PERSONAL EQUATIOX. 

TRANSIT OBSERVATIONS. 

Date, January 22nd, 1904. 



Ob<«erver: Otto J 







Con-ected 


transit 








Chro 




Star. 




over 




R. A 


• 






mean 


of thi'eads. 






- 


con 






h. 


m. 


8. 


h. 


m. 


8. 




fi Eridani 




4 


40 


11 99 


4 


40 


43 


23 




€ Leporis 


• ■•••* •* *■ ••• 


5 


00 


53-88 


5 


01 


25 


01 




7 Ononis 


• •«•■ ••• • • >•••• 


5 


19 


28 90 


5 


19 


60 


22 




c Orionis 


• ••••••• •• •• 


6 


30 


50-54 


5 


31 


21 


84 




7) Geminonim 







08 


35 40 


6 


09 


06 


56 




y Geminonini 




6 


22 


46-16 


6 


28 


17 


37 




i Geminorum 




6 


39 


24 43 


6 


an 


55 


65 








1 






Mean. 


• • 







Chronometer correction at 5*' 32«»= +31»-226db''017 
PERSONAL EQUATION. 



Station : Stdnky. 



TRANSIT OBSERVATIONS. 

Date, Janwary 23rd, 1904. 



Obser\'fcr : W. E. Rai 





i 
Star. 


Corrected transit 

over 
mean of threads. 


R. A. 


Chro 
con 


7* Eridani 

T Tauri 




h. 

3 
4 
5 
5 
5 
6 


m. 8. 

53 01-26 
35 57 74 
00 52-32 
26 34-66 
42 40-91 
17 57 12 


h. m. 8. 

3 53 33-80 

4 36 30 23 

5 01 2500 
5 27 07 41 

5 48 13 56 

6 18 29 81 
Mean 




6 Leporis 

8 Ononis 

K Orionis 

/3 Canis Majoris . . 


* •••■• ••• ••••*•••■• ••• 

■ •••••••• «•.-■* • • •• «. 





Station: Sydney. 



Chronometer correction at 5*' 20'" = + 32" 633db' 027 
PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 

Date, January 23rd, 1904. Observer : H. A. L» 



Star. 



o* Eridani ... , 
fi Eridani ... . 

fi Orionis 

€ Orionis . . . . 
7] Geminorum 
y Geminorum 



Corrected transit 

over 
mean of threads. 



R. A. 



Chro 
con 



h. m. s. 

4 I'O 39 21 

4 40 10-70 

5 09 24 04 

5 30 49 19 

6 08 33 94 
6 22 4-1 72 



1. 


m. 


8 




4 


07 


11 


64 


4 


40 


43 




5 


09 


56 


r.7 


5 


31 


21 


83 


6 


09 


0<> 


[h> 


6 


23 


17 


37 


M 


ean. 







Chronometer correction at 5*' 20"= + 32« ' 580 ^' ' 024 
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Station: Sydney. 



PKKSONAL EC^UATION. 

TRANSIT OBSERVATIONS. 

Date, January 23rd, 1904. 



Star. 



5^Eridiuii 

T' Ononis 

y Ononis 

aColambee 

t Canis MajoriH . 
7 Geminonun . . . 



Corrected transit 

over 
mean of threads. 



h. m. 8. 



4 
4 
5 
5 
(> 



33 13-49 

44 0(>-28 

19 27 (K) 

.'55 39 12 

1« mi ()0 



(» 31 38 87 



Observer: Orio Klotz. 



R. A. 



Chronometer 
correction. 



h. m. 8. 



4 


33 


47 99 


4 


44 


38 86 


5 


19 


60 22 


5 


H(> 


11 80 
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TRANSIT OBSERVATIONS. 
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20 19 13' 
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47 50 28 +04' 
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-•57 
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-01 + ,55 
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02 39 
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72 
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93 
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Iv. A. 
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20 23 22 
36 18 
40 24 
42 20 
47 28 
50 28 
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49 
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44 
-46 



21 00 S2 93 
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21 11 
2f» 30 
32 38 
34 46 
41 44 
48 42 
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18 
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00 
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20 



a=+'153 c^-»503 
Chronometer correction at 21 *> 05™= +51''*479rb*010 



9 9 

o 



+ 61 



49i - 
44 -r 
68 - 

52 - 
43 + 
43 -r 
,54 - 

53 - 
4(i + 
40 -r 
4!» - 

48 

47 + 
46 -^ 
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•04 

- 10 
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-CJ5 
-C16 
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- €» 
-Ol 
-CIO 

- CJl 

- Cfi 



I 

W 8 A(iuarii I 

I» • F 

Vgriuji 

c'^ A(iuarii ... 

7 Toiicani 

r Pegasi 

K J'irtcium ' 

t Piscium I 

E 8 Sculptoris . . . 

10 Pegasi 

27Pij*cium 

.^oPoisiton. . . . 

2 Ceti 

a Andromedie.. 
f Toucani 



22 48 41 60 


+ 09 - 


01 


+ 43 
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1 
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22 49 33 66 


( 
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- re 


.59 07-37 
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04 


+ 43 
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07 79 


69 69-34 


•65- 


- 03 


23 (Ki 27 93 


+ -o*ii - 


01 


+ •45 
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28 44 


23 04 20 04 


-60- 


- CH 


10 ,58-01 


+ 13; + 


06 


+ -80 


00 


-03 


'' 68 97 


11 60-26 


•28+- 


- 24 


15 01 92 


-ntii 


05 


+ •45 


00 


-•02 


02 36 


16 63 89 


58 — 


- 01 


21 09 16 


4 07, - 


03 


+ -41 


•00 


-02 


01> 59 


21 61-17 


•58;- 


- Co 


34 09 29 


+ 07 - 


04 


+ -41 
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09 71 


36 01 29 


•58'- 

• 


- Ob 


43 04 80 


+ -13! 


00 


- -47 


•00 
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04-44 


43 66 00 


-66,— 


-04 
-CO 

- C6 

-CI 

- Ol 

- 43i 

' 10 


46 45-88 


+ 09 - 


05 


--44I 


00 
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45-46 


47 36-98 


52' 


52 54-81 


+ 11 - 


03 


- 41' 


00 
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54 46 


63 46 03 


57 - 


m 11 56 


+ 11 - 


02 


- 42: 
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11-21 


67 02 72 


•61 +- 


,57 58-63 


+ •12. - 


01 


- 43i 


■00 
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58-29 


68 49 80 


•51 -h- 


24 02 .35 37' 


+ 08 - 


0<> 


-•471 


+ 01 


-02 


34 91i 


24 03 26 45 


54 - 


14 14-84 


+ •23 + 


09 


-1 <J0, 

1 


+ 01 


-04 


14 1,3 


15 06-65 


42 +- 

1 



n=+-063 c=-«413 
Chronometer correction at 23»» 31™ = +51" '522 -'016 
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SESSIONAL PAPER No. 25b 



PERSONAL EQUATION. 
TRANSIT OBSERVATrONS. 



Station : South port. 



Drtte, OttoWr 2:V.l, lOD.^. 



Observer: Otto Klotz. 
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• 
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over mean of 
threads. 
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r=- 45 


< 

8. 


03 













h. m. 8. 


8. 


s. 


s. 




h. m. 8. 


m. 8. 


8. 


E 


a Toucani 


22 16 35 30 


+ 15 


+ • 


54 


- 30 


+ 62 


-04 


36 27 


22 11 55-37-4 40 90 


+ 05 
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21 22 62 


+ 08 
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- 14 
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16 41-99 
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+ 08 
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30 14 71 


+ 08 
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14 


- 15 


+ •52 
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25 3412 
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a5 06 23 
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— 
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-14 
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41 21 51. 
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21 60 


36 40-78 
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43 11-73 
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— 


47 
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76 
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— 
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a=+» 484 c=-"- 44 
Chronometer correction at 23*' 39«>= -4" 40'-84S+:'015 

Observer: Thos. D. Fraser. 
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7 Toucani . 
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/3 Hydri 

1 « V/Cvl«« • • • • « « 
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^ Ceti. 

3 Piscium 

20 Ceti 

fi Andromedse. 
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16 30 
20 34 
26 41 
34 35 
39 42 
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29 50 
38 11 
43 28 
4< 24 
52 48 
56 08 
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19 
82 
U7 
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41 
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05 

^M 
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02 49 
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47 
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51' 
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91 
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68 
59 
51 
46 
41 



22 59 59 

23 04 19 
11 49 
15 53 
21 61 
29 64 
35 01 

20 45 
25 08 
33 29 
38 46 
43 42 
48 06 
51 26 



a=^»443 c=-« 134 
Chronometer correction at 23*' 39"'= -4"* 40» 765i"014 
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DEPARTMENT OF THE INTERIOR 



IX 



5-6 EDWARD VII , A. 1906 



Station : Bkisuaxk 



PERSONAL Et^UATION. 
TRANSIT OBSERVATIONS. 

Date, OctolK-r 2<Jth, 1903. 



Obeerver, Otto Klotz. 



Star, 






E M Pegasi . 
\ Aquaril. 
5 Aquarii , 
a Pe^asi . 
c2 Aquarii. 
7 Toucan i. 
r Pegasi . . 



W 12Ceti 
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20 Ceti . . . 
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over mean of ^ * 5 
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h. m. s. 
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48 2i)-88, 
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10 43 -69 
14 4728 
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43 1 

76 

43 

39' 

41 

40 

3!i 

40 

60, 

40 



•f- 

+ 
+ 

+ 
+ 
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transit. 
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15 79, 
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26-48 


49 33 44 
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01 
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52 22 
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01 
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94 - .02 


01 
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11 49-81 
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15 53 71 


84 +08 


02 
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0-J 
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38 46 76 
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35 8u 
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51 44 
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03 
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-02 


07 23 

1 
1 


19 14 11 
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a=-»025 €=-"394 

Chronometer correction at 23*^ 35"'= +l"»0<)"-918-+-"-013 



Observer, Thos. D. Phaser. 
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(i Hydri 
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10 49 27| +06 
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20 
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6117 
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a, = -'188 a5=+"072 r=-«-600 
Chronometer correction at 23»» 35"*= + 1"07'-134+:''014 

Hence the weighted {lersonal equation of the two values, F. aser anticipates Klotz ••153+:'044 
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SESSIONAL PAPER No. 25b 



Station : X<irfolk Island. 



TRANSIT OBSERVATIONS. 

Date, December 5th, 1903. 



Observer, F. W. O.'Wkiiry 
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55 10 
01-88 
22 02- 
50-79 
08^98 
40 66; 
52 26 



39 37 
46 43 
22 64 
27 32 
:«) 50 

33 22 

34 34 



01 
87 
09 
95 
99 
89 
49 



s 
o 

£ ^ 
2 S 



O 



V, 



8. 

17 
17 
17 
18 
17 
17 
17 

18 
18 
17 
17 
17 
17 
17 



8. 

92 + -01 
921+01 
941+03 
00!+ 09 
85 -06 
-17 
-02 



74 
89 

09 
01 
93 
84 
99 
77 
77 



+ 18 
+ 10 
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a=+«-657 c=-«.475 

Chronometer correction at 1»» 40™= - 17" 905+:" 023 
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56. :.;. 
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39 52 
45 23 
52 03 
54 02 
57 34 
01 39 
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25 M 
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a=+--492 r=-"443 

Chronometer correction at 3»» 10™= - 18» 580±' 021 
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12 



5-6 EDWARD VII., A. 



Station : Norfolk Island. 



TRANSIT OBSERVATIONS. 

Date, December 9th, 1903. 



ObservcT: F. W. O. Web 
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a=+"453 c=-»527 
Chronometer correction at 3'' 30™= -44''-876zb"012 
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SESSIONAL PAPER No. 25b 



Station: Norfolk Island. 



TRANSIT OBSERVATIONS. 

Date, December 10th, 11K)3. Observer : F. W. O. Werry. 
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5-3 EDWARD VII., 
TRANSIT OBSERVATIONS. 

Stiition : NoRKOLK Island. Date, December 11th, 1003. Observer: F. W. O. 
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SESSIONAL PAPER No. 25b 



Station : NORFOLK iHLANn. 



TRANSIT OBSERVATIONS. 

Date, DecCTiiWr 17th, 1903, Observer : F. W. (). Weiry. 
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Station : NORFOLK Islanh. 



TRANSIT OBSERVATIONS. 

Date, December 18th, 1903. 



Observer: F. W. O. Wkkky. 
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5-6 EDWARD VII., A. M 
TRANSIT OBSERVATIONS. 

Station : Norfolk Island. Date, December 19th, 1903. Observer : F. W. O. Wbrbi 
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THANSIT OBSERVATIONS. 

Sutiijo : DocBTLESB llAV. Date, Oec^Dib^r fttb. ItlOS. 



Observer : Orro Kloti. 
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5-6 EDWARD VII., A. 11 
TRANSIT OBSERVATIONS. 

Station : Doubtlksh Bay. Date, December 7th, 1903. Observer : Otto Klot 
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7 Phtpnicin . 
t} Piscium . . 
a Eridani.. . 
V Piflchnii . 
o Piscinm . . 



.5 ® 

Transit , aj: 
over mean of j * « jS 
threadg. -3 ^ > 

1-3 



c 

< 



h. m. 8. I 

21 25 08: 
25 51 02 
39 29 73, 
44 26 10' 
48 49 1)7 
54 42 451 
58 41 84 

1 09 20-60 
19 57 13 
24 55 12 
27 04 751 
34 51 471 
37 10 14 1 
41 03 52 



+ •41 
+ 10 



8 

+ 1 



+ 
+ 
+ 

+ 
+ 



12 
09 
10 
14 
09 



15 
18 
27 
13 
34 + 
15 - 
15 - 



+ 



c 

s 






8 
- 1 



23 

20 
11 
26 
21 
04 
26 



26 + 

171 + 
08' + 
30 
28 



25 
27 



+ 
+ 
+ 
+ 



93 
41 
43 
41 
41 
47 
41 

41 

41 
57 
42 
76 
41 
41 



8. 

r= - 

+ 
+ 
+ 
+ 
+ 
+ 
+ 



44 
29 
26 
16 
12 
09 
05 
02 

06 
13 
17 
19 
24 
26 
29 



< 



u 
u 



S i 



X 



8. 



08 
02 
02 
02 
02 
02 
02 



25 
51 
29 
25 
49 
42 
41 



02 26 

02 

02 

02 

04 

02 



57 
55 
04 
51 
09 



- 02 03 



00 
65 
45 
62 
52 
11 
26 

521 
04i 
31, 
53i 
89 
87 
20; 



R. A. 



h. 




s 

o 

B 
o 

s 

2 

O 



s 
o 

8 



ni. 8. 


8. 


20 41 91 


-43- 


25 08 60 


• 


38 46-45 


43 42 49 


48 06-46, 


53 58 98! 


67 5812 


08 43 44 


19 13 95 


24 12 15 


26 21 44 


• 


34 08-84 




36 26-75 




40 20 11 


• 



a = +«383 c=-»407 
Chronometer correction at 1»» 01«>= -43'-091+-"-009 



i 



09 

05 

00 

13 + 

06 - 

13 

14 



+ 



08 
09, 

16| 
09 

a5 

12 
09 



+ 



+ 



Station : Doubtlksh Bay. 



TRANSIT OBSERVATIONS. 

Date, December 9th, 1903. 



B 

a 

O 



w 



Star. 



E 1/3 Ceti 

\8 Piscinm. 
a Sculptoris 
Vi Phoenicis . 
a Eridani.. . 
Piscinm . . 



K Fomacis. 
5 Hydri . . 
^ Ceti ... . 
d Eridani.. 

a Ceti 

o Tanri.. . 



Transit "c::: 
over mean of * * 2 
threads. rs S.5 



% o'p. 



h. m. s. 

39 52 42 
44 48 76 
55 0^-17 

1 02 54 22 
35 15-11 
41 2(;-76 

2 19 15-74 
21 08 25 
24 10-41 
55 44 48 
58 23-28 

3 20 46 fiO 



+ 13 
+ 10, 
+ 15! 

+ •18, 

+ •221 
+ 09 

- -loi 

-35 
-11 
-18 
-11 
-11 



I 



B 



8. 

-15 
-33 
- 05! 
+ 15 
+ -35I 
-34 









U 








u* 


• 






8 


§ 






«<M 


• 0^ 







®*i 


"S 




*» 


«•- 


Collimi 




1 

< 


Second 
trano 




K. 






s. 


r=- 42 


8. 





•47', 

•45' 

51 

•m 

•84 
45 



+ 
+ 
+ 
+ 
+ 
+ 



- 10, +49 
+ -77' + l 26 

-33 +45; 



+ 061 
-31 
- 34i 



+ •591 
+ 45 
+ 45, 



57 
52 
45 

13 
15i 
17 

39; 

41 
57 



02 
02 
02 
02 
03 
02 



52 
48 
05 
54 
14 
26 



02 15 
05 09 
02| 10 
02! 44 
02 22 
02, 46 



48 
58 
19 
28 
98 
17 

82 
72 
23 
54 
88 
01 



Observer : Otto Klots 



jv. A. 



o 
E t 

C 



h. m. 8. 



38 46 
43 42 

53 68 

1 01 48 
34 08 
40 20 

2 18 09 
20 03 
23 04 

54 38 
57 16 

3 19 39 



42 
47 
95 

07 
79 
10 

66 
63 
10 
32 
59 
82 



m. 



-106.06 - 
11 - 
24 - 
21 - 
19 - 
07— 



16 
09 
13 
22 
29 
19 



«=+»-489 



c = 



446 



Chronometer correction at 2*' 00"™= - 1™ 06"*161rL''*016 
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SESSIONAL PAPER No. 25b 



^>Ution: I>)L*btl»jh Kay. 



TRANSIT OBSERVATIONS. 

Date, December 10th, ISKW. 



OBrtKKVRR : Otto Klotz 



Star. 



KijS Hydri 

/ff Ceti. . . 
1^ PiMcium . . . 

■20Ceti 

* Sculptorifi. . 
' Pificiuin . . . 
^ Pboexiicifl... 



^^'^'Ceti.. ... 
y PhteniciA.. 
V Piiiciuni. . 
■ Eridani . . 
* Piactum.. 
^ Ceti 



s z 



Transit \a'jz 
over mean of «^ 
threadfi. U ^> 



2 



< 



h. Ul. H. I 8. 

21 59-41 ' + 
40 04 25 + 
45 0054 + 
41) 24-4I + 
55 l(>-88 I 
59 16 23 + 

1 as 05 a^> + 

20 31 CH) 
25 2i» 52 
27 39 23 
ai 25 94 

37 44 57 - 

48 01-73! - 

50 39 oi: - 



M. 



• 




a 




o 




»tm 




*» 




m 




' B 


• 




1 


O 


X 




8. 


H. 






r= - 4 



u 
u 

8 

c I ^ 



X 






s. 



45 +100 -1 
13;- 10 - 
22 



loi 

11 - 

15 - 
10 - 
18 t 



18 - 
03,- 

10 - 



13 


- 15 


+ 39 


19 


^ <)7 + W 


10 


- 2<) + 40 


20 


+ 24 + 72 


10 


- 21 * •:«) 


14 


- 14 


4- 39 


09 


- 21> 


+ -41 



83 
41 
3<> 
39 
45 

:«> 

57 



+ 31- 
18 - 
14i- 

ii;- 

07i 
04 - 
01 - 



+ 



■I 



10 
15 
15 
21 

221 

:^ 

31 



08 59 32, 

02 {>A {X^ 

02 00- 15 

02, 24U7 

02' H> (50 

02 15 74 

02 05 65 



02 
02; 
031 
02 
02 
02 
02 



31 59 
29-77 
39 ii9 
2Ji 41 
44-41 
01 52' 
38 71 



R. A. 



U.2 

S u 

o 



h. ni. 8 

20 41 
38 46 
43 42 

48 06 
53 58 
57 58 

1 01 18 

19 13 
24 12 
26 21 
34 08 
3<i 26 
46 43 

49 21 



m. B. 



8. 



64-1 17 r»8V02 



41 

4(il 
43 
93 
09 
05 

93, 
lo! 
43. 

76 

751 

ao! 

01 



62 -04 
69 f 03 
64 - 02 
67 +01 
■i'^ -01 

•OT) --(m; 

•66 -00 
•67, + 01 

■m 00 

•65 - 01 

m 00 
<«!-•(« 
•70' J- 04 



a = +--3:J0 c=-'':«7 
Chronometer correction at 1»» 05™= - l'» 17" 657— "005 



W 



2 ArietiH 

^ Kridani . . . . 

» Ceti 

M Horoloffii .. . . 

1" Jann 

1* £ridani 



E 



8 

\\ 

A> 



Eridani.. 
Hydri. . . 
Kridani . 
Tauri . . . 
Kridani . 
Tauri 



2 47 :iO 97 
55 56-2:^ 
58 35 05 

3 02 40 04 
20 58 48 
2*) 4401 

39 59 19 
50 05 76 
54 53 36 

4 OU 22 01 
08 31 21 
24 21 64 



13 - :« 

25 f 05 

15 - 25 

34 +34 

14 - -28 
17 17 



08 
2f; 
10 
05 
08 
06 



17 
97 
15 
36 
19 
35 



41! 
52 
40, 
79, 
40; 

4o! 

40 
48 
41 
43' 
40 
-42 



1 



I 

+ 
+ 
+ 

■r- 



34 
29 
27 
24 
11 
05 



02 
10 
13 
17 
22 
- 34 



02; 
041 
02 
02 



02 3125 
02 5682 

35 :io 

41-03 
58 55 
4410 



02 
07 
02 
02 
02 
02 



58 <M> 
05 34 
52 75 
21 08 
:w 46 
20 57 



46 12 
54 38 
57 16 
01 22 
19 39 
28 25 

38 39 
48 4(> 
53 34 
59 02 
07 11 
22 61 



49,-1 


18- 


30' 




•58 




-30 




■82 




41 




•98' 




»M 




•05 




•41 




•82' 




•89i 





7(i 


-1- 


•08 


52 - 


•16 


72 -r 


04 


73 + 


05 


73 + 


05 


69 + 


•01 


IW 


•00 


70 -^ 


02 


70 + 


02 


67 


— 


•01 


64 


— 


04 


i\t< 




•00 



a=i*-405 c= "395 
Chronometer corrt'Ction at 3*^ 36"' ~ - 1'" 18* 683 



013 



25]>— Hi 



i 
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DEPARTMENT OF THE INTERIOR 



5-6 EDWARD VI ., 



Station : Douutlrss Bat. 



TRANSIT OBSERVATIONS. 

Date, December 11th, 1903. 



W 






E 



Star. 



Transit 

over mean of 

threads 



;t Ceti 

'/a Hydri 

j 1 2 Ceti 

'/i Ceti ... 

^ Piscium. 

a Sculptoris 

je Piscium 

^ Phoenicis 

^ Piscium 

e Ceti.... 

7 Phoenicis 

71 Piscium 

a Eridani 

V Piscium 



fl o 

9 S O 



J 

< 



h. Dl. 8. 

1(> 00 99 
74 



s. 



22 09 

26 37 
40 15 
45 11 
55 27 
59 27 

Oo 1() 
10 12 
20 42 
25 40 

27 50 
35 3G 
37 55 



+ -2« - 



31 

16 

54; 

81 

30 

10 
06 
61 
45 
25 
74 
51 



+ •99 
+ •25 
+ •29 
+ •21 
+ 33: 
+ •21 

+ 06 
+ 03 
+ 03 
+ 05 
+ 02 
+ 06 
+ 03 



+ 1 



+ 



+ 



23 
15 
07 
27 
25 
22 






-1 



15 
10 
17 
10 
23 
03 
23 



11 + 



+ 
+ 

+ 
+ 

+ 
+ 



70 
36 
38 
36 
41 
36 

53 
36 
36 
50 
37 
67 
36 






s. 
r^--40 



+ 
+ 

+ 
+ 

+ 
+ 



27 
23 
21 
11 
08 
02 
02 

04 
09 
15 
18 
20 
26 
27 



s 
o 






s. 



02 
08 
02 
02 
02 
02 
02 

03 
02 
02 
02 
02 
04 
02 



u 

u 






00 
10 
37 
15 
11 
27 
26 

16 
12 
42 
40 
50 
37 
55 



99 
28 
22 
06 
22 
70 
88 

73 

11 
68 
87 
15 
42 
39 



Observer : Op 



R. A. 



h. m. 8 







14 32 
20 41 
25 08 
38 46 
43 42 
53 58 
57 58 



1 01 48 
08 43 
19 13 
24 12 
26 21 
34 08 
36 26 



27 
55 
56 
40 
45 
92 
08 

03. 

41 

91 

08 

42 

73 

72 



« 
a. 

s 



s 
c 



m. 



rt=+«341 c=-"360 
Chronometer correction at 0>» 57™= -1" 28^'725rfr' 010 
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SESSIONAL PAPER No. 25b 



Sutkm: Doubtless Bay. 



TRANSIT OBSERVATIONS. 

Date, December 12th, 1903. 



( )b8erver : Otto Klotz 



Star. 



'^♦» 

TranHit 1 §- 
over mean of ^ < 5 
threads. 1*3? 



E 7 P«(^i 

* \/v vl > • • • • • • 

li Hydii 

iS Ceti 

i Piscium 

a Sculpturis .. . 

W fi Pjuenicis .... 

i^ Piscium 

7 Pbcenicia.... 

Tl Pisciam 

a Eridani 

' Piflcium 

f Ceti 



.£3 

s 

M 



h. 111. 8, 

Oi) 58 
16 12 
22 21 
2(i 49 
40 26 
45 23 
55 S9 

1 03 28 
10 23 
25 52 
28 01 
d5 48 
38 07 
48 24 



I 



H. 



8, 



C 

o 



o 
O 



46 
80 
76 
19 
98 
36 
65 

01 

82 

2:1 

97 

611 

31 

46 



+ 18 - 



+ 
+ 
+ 
+ 
+ 



•18 
69 
17 
20 
15 



+ 1 



+ •23: 

16 

- 09 
-16 

- 08 

- 20 
-09 
-11 



-f- 



8 

27 - 
151 - 
13 -1 

18 - 

111 - 

241 - 

04l - 

11 + 

23i 4- 

07 + 

28 + 
25 + 
22- + 
15 + 






41 
40 
88 
40 
42 
40 
46 

59 
40 
55 

^\' 

40 
41 



8. 

r= - • 

J- 

+ 
+ 
+ 
+ 
+ 
4- 



40 
34 
29 
25 
22 
13 
10 
02 

02 
(»7 
18 
19 
24 
26 



fc 

. 8 

S c 



u 

< 



8, 



02 
02 
02 
02 

03 
02 
<)2 
02 
04 
02 
02 




021 58 23 
02' 12 70 
08. 21 87 



48-98 
26-76 
22-95 

39 ;« 

28-50 

23 8I! 
52 49 
01 81 
49 12 
0712 

24 25 



K. A. 



h. m. H 

08 17 
14 32 
20 41 
25 08 
38 46 
43 42 
53 58 

1 01 48 
08 43 
24 12 
2«) 21 
34 08 
36 26 
46 43 



<i=+'360 c=-»398 
Chronometer <x»rrection at 0»» 59'»= -l*" 40- 426_-i^« 009 



88 
25 
45 
55 
39 
44 
91 

00 
39 
06 
40 
71 
71 
87 



t^ •mm 

is 



.L. 



m. 8. 



8. 



-1 40 



35!- 

45; + 
42 
43 
37 
51 + 
47 + 

I 
I 

50 + 
42 - 
431 

41|- 
41 - 
41 - 
38 - 



08 
02 
01 
00 
0() 
08 
04 

07 
01 
(K) 
02 
02 
02 
05 



^ M Horologii 


3 03 02 71 


- 42 


+ .34 


+ 92 


+ 31 


-03 


03 83 


3 01 22 26 


-1 41-57 


+ 02 


^ Arietis 


08 50 73 


-14 


- a5 


+ -49 


+ •27 


-02 


50-98 


06 09 43 


-55 


•00 


J^ Arietia 


17 23-52 


- 14 


- .35 


+ 49 


+ •22 


-02 


23-72 


15 42 18 


•54 


-01 


,/ Tauri 


27 16-81 


- 16 


- 30 


+ •47 


+ 15 


-02 


16 95 


25 35 41 


64 


-01 


* £ridani .... 


30 06-70 


-•21 


-17 


+ 46 


+ 13 


-02 


0(;-89 


28 25-41 


-48 


-07 


'** Kridani . . . . 


31 15-07 


- 24 


-10 


+ •50 


+ 12 


- 02 


15 .3,3 


29 33-76 


•57 


+ 02 


n Tauri 


43 29-48 


- 13 


- 37 


+ 50 


+ 04 


- <)2 


2950 


41 47-90 


IK) +05 

1 


K AiTauri 


4 00 44 79 


+ 01> 


- -3() 


- 50 


-07 


-02 


43 9;^ 


59 02 42 


•51-04 


«* Tauri 


05 18 08 


+ 08 


- 35 


- 49 


- 10 


-02 


17 20 


4 03 35 68 


62 +07 


0' Eridani 


08 53 99 


+ 13 


- 18 


- 46 


- 13 


-•02 


53 33 


07 11 82 


51 - 04 


« Reticuli 


14 55-46 


+ •29 


+ 41 


-100 


-17 


-MM 


54 94 


13 13 36 


-.58+03 


' Tauri 


24 44 46 


: + 09 


- 35 


- 49 


- 23 


-02 


4346 


23 0r90 


56 +01 


:» Tauri 


32 08 47 


4 10 


- 33 


-•48 


•29 


-02 


07 45 


30 26 95 


•50 -05 


I53 Eridani 


36 30 51 


+ 15 


- 14 


- 47 


- 31 


-02 


29 72 


33 48 13 


•59 


+ 0' 

1 



a=+»402 €=-••460 
Chronometer correction at S^ 49"™= - 1™ 41 ••551:1:: ••.010 
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UEPARTMEVT OF THE INTERIOR 



5-6 EDWARD VII. 



Station: Doubtless Bat. 



TRANSIT OBSERVATIONS. 

Date, December 17th, 1903. 



a 
S 

03 

o 



E 



W 



Star. 



^ Hydri.... 

8 Piscium.. 

a SculptoriH 

€ Piscium... 

/3 PhceDicis. 

^ Piscium.. 

Ceti 

Piscium... 

f Ceti 

p Arietis.... 

a Hydri.. .. 

a Arietis. . . 
67 Ceti....... 

K Fomacis . . 





t *<^ 








fi 








•-- >> 






Transit 


^r 


• 


J 


over mean of 


*«8i 




08 


threads. 


» fiu 


S 


■ mm 

3 


h. m. 8. 


l-q 


< 





8. 


B. 


S. 


23 19-89 


+ •42 


+ 1 00 


-174 


46 21 OS 


+ 10 


- -21 


- 37 


56 37-93 


+ 14 


- -03 


- 42 


1 00 37 40 


+ 10 


- -21 


- -37 


04 27 10 


+ •17 


+ -10 


- 54 


11 22 70 


+ 10 


- -21 


- 37 


21 53-19 


+ 11 


- 14 


- -37 


42 58-92 


- 12 


- -22 


+ 37 


49 22 64 


- 16 


- 13 + 38 


52 0006 


-10 


- -27 


+ 39 


58 23 40 


- 32 


+ 30 


+ -79 


2 04 25-62 


-10 


- -29 


+ -40 


14 51-42 


-15 


- 15 


+ -37 


20 48-63 


-18 


- 06 


+ 41 






8. 

r= - 
+ 
+ 
4- 

+ 
+ 
+ 



p 
o 

I 

< 



33 
30 
18 
13 
10 
08 
04 
01 



13!- 

171- 
18 - 
21 - 
25 - 
30 - 
33 - 



8 



08 
02 
02 
02 
02 
02 
02 

02 
02 



02 
02 



* 

8 



2- 
It 



m 



19 
21 
37 
37 
26 
22 
52 

58 
22 



02 59 
04 28 



25 
51 



02, 48 



79 
36 
73 
00 
89 
24 
76 

80 
54 
88 
92 
36 
17 
45 



Observer : Orw 





(. 




% 




a 


R. A. 


\ 


1 


c 




I 




jC 


1 


C 



h. m. 8 

20 40 
43 42 
^ 58 
57 58 

1 01 47 
08 43 
19 13 

40 20 
46 43 
49 20 
55 44 

2 01 46 
12 12 
18 09 



m. 



98-2 

39 

84| 

03 

91 

35 

85 



03 
83 
96 
87 
55 
33 
59 



a=+".310 c=-«-369 
Chronometer correction at V" 19">=-2™ 38»-8834r' 018 



W 



E 



h Eridani . 
7 Hydri — 
0^ Eridani . 
7> Tauri . . 
Ai Tauri.... 
<^ Eridani.. 

a Dorad<i8.. 
iri Ononis. .. 
e Leporis.. 
/J Eridani . . 
/x Leporis . . 



. ., 3 41 19 62 


-•25 


-18 


+ -37 


+ "25 - 


02 


19-79 


3 38 39 98-2 \ 


. ! 5124-65 


-•79 


+ -98 


+ 1-36 


+ 19 - 


06 26-33 


48 46 40 




56 13-85 


- 26 


- 15 + 37 


+ •17 - 


02 


13 96 


53 34 06 




. 4 0142-31 


-16 


-•37 


+ -39 


+ 14 - 


02 


42 29 


58 62-44 




06 15 50 


-17 


- 35 


+ -38 


+ 111- 


02 


15-45 


4 03 35 60 




09 51-68 


- 24 


- 19 


+ -37 


+ 09 - 


02 


51-69 


07 11 84 




34 37 41 


-04 


+ 24 


- 64 


-04 - 


03 


36 90 


31 57 17 




47 19-67 


-02 


--27 


- 37 


-12,- 


02 


18-87 


44 38-92 




. 1 5 04 05 79 


-02 


-09 


- -39 


- 21'- 


02 05 06 


5 01 25 12 




• • 


05 49 82 


-02 


-•20 


- 36 


- 22- 


02 


49-00 


03 09 06 




11 19 17 


-02 


- 13 


- -38 


-25,- 


02 


18-37 


08 .S8-39 





a=+'-408 c=-'-.363 
Chronometer correction at 4'» 26"'= -2™ .S9'-885±" 018 
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SESSIONAL PAPER No. 25b 



Station: Doubtless Bat. 



TRANSIT OBSERVATIONS. 

Date, December 18th, 1903. 



Observer : Otto Klotz. 



SUr. 



K /J Hydri.... 

^ Ceti 

|8 Piscium.. 
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DEVARTMEST OF THE INTERIOR 



5-6 EDWARD VII., 



Station : DouBTiBSS Bay. 



TRANSIT OBSERVATIONS. 

Date, December 19th, 1903. 



Observer : Otto 
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SESSIONAL PAPER No. 25b 



SUkttou : Wrllinoton. 



TRANSIT OBSERVATIONS. 

Date, December 6th, 1903. 



Observer: Tnas. King. 
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DEPARTMENT OF THE IXTERIOR 



5-6 EDWARD VII., A. 1906 



Station : Wellington. 



TRANSIT OBSERVATIONS. 

Date. December 7th, 1903. 



Observer : Thos. King. 
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TRANSIT OBSERVATIONS. 

Date, December 11th, 1903. 



Observer : Thoh. King. 
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SESSIONAL PAPER No. 25b 



Station : Wellington. 



TRANSIT OBSERVATIONS. 

Date, December 12th, 190.3. 



Observer : Thos. Kinc;. 
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DEI'AiaMEXT OF THE IXTERIOB 



5-6 EDWARD Vrr., 



.Statiun: Wsi.LI 



TRANSIT OBSERVATIONS. 

Dat?, Druember 17th, 1903. 



Obwrver : Taoe. King. 
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SESSIONAL PAPER No. 25b 



Station: Wkllinoton. 



PERSONAL EC^UATION. 

TRANSIT OBSERVATIONS. 

Date, January 10th, 1004. 



Observer: Thos. King. 
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^Station : Wellington. 
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Chronometer correction at 5*' 18""= +42"135+r*'050 

PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 

Date, January 11th, 1904. 



Observer: Thos King. 
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DEPARTMENT OF THE INTERIOR 



IX 



5-6 EDWARD VII., A. 1906 



Station : Wellington. 



TRANSIT OBSERVATIONS. 

PERSONAL EQUATION. 
TRANSIT OBSERVATIONS. 

Date, January 10th, 1901. 



Observer : Otto Klotz. 
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Chronometer correction at 4** 54*"= +41"'580+»014 



Station : Wkllington. 



PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 

Date, January 11th, 1904. 



Observer : Orro Klotz. 
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Chronometer correction at 7** 15"'= +41»'521±*'008 

Hence the weighted mean. King anticipates Klotz "257 ±'045 
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SESSIOiHAL PAPER No. 25b 



Station : Ottawa. 



PERSONAL EQUATION. 
TRANSIT OBSERVATIONS. 

Date, June 22nd, 1904. 



Observer : F. W. O. Wkrkt. 
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5-6 EDWARD VII., A. 1906 



Station : Ottawa. 



PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 

Date, June 22nd, 1904. 



Observer : Otto Klotz. 



1 




1 U-l 

c 


1 






u 


1 c 


' 


Transit | gr , 


• 


• 

s 


i § 


8 






Star. 

1' 

o 


over mean of 
threads . 


« s 

> cr.>i 
a> ® a. 

1 


9 
B 

< 


i 


5 < 

r=-14 *• 


§ P 


R. A. 


1% "• 

s 
6 




h. m. 8. 


8. 

1 


8. 


8. 




h. m. H. 


m. 8. 8. 

1 


£i JOl 


15 15 23 01 00 


+ 16 


+ •42 


+ 07 


-02 


23*64 


15 11 39 88 


-^ 43 76 - 09 


203 


24 38-22 


+ 08' 


-1 oil 


+ 1-15 


+ 06-05 


38 45 


20 54 52 


93 +08 


205 


27 37 37 


+ 04! 


+ 22 


+ •40 


+04-02 


3805 


23 54 26 


•79 - 06 


'206 


31 13 04 +05; 


+ 07 


+ •47 


+ 03-02 


14 54 


27 30-80 


741-11 


993 


33 54 74 


+ 03 


+ •61 


+ 36 


+ 03 


-02 


55 75 


30 11-87 


-88 +03 


212 


43 17 73 


+ 04 


+ •43 


+ •36 


•00 


-01 


18 55 


39 34 62 93+08 


W 217 


51 19-60 


- 99i 


-1-79, 


-1 71 


-01 


-07 


15 03 


47 31 16 


871+02 


221 


16 09 31-58 


- 35' 


+ OI1 


- 60 


- 06 - 02 


3066 


16 05 46 90 


76-09 


222 


13 05-37 - 16 


+ -51i 


- 35 


- 07 


-01 


05 29 


09 21-36 94! + -0<» 


aHj 


17 00-95 


-161 


+ 53! 


- 85 


- 07 


-01 


00-89 


13 16-98 91 +06 


225 


21 27 68 - 23 


+ 32 


- 37 


- 08 


-02 


27 30 


17 43 39 91[ + -«J 


473 

1 


24 45 63! - 21 


+ 36j 


- 36 


- 09 


-02 


45-31 


20 01-47 -84' --01 

1 



a=+''685 c=+"352 
Chronometer correction at 15*» 45™= -3'" 43»-855+-"016 



W ;229 



»? 


230. .. 


• •••■• 




231... 


• ••••• 




232. .. 






478. ... 


• ••••• 




233 




E 


234... 
598 







236 ... 


. . . . 




238 


• • • • • • 




241.. .. 







600 


. . . . 









16 31 59 
34 47 
41 26 
43 23 
51 29 
56 54 

17 00 22 
08 :m 

12 16 
14 51 

34 14 

35 51 



•09 




44 


— ' 


•80 


— • 


23 


— ' 


28 


— " 


12 


— ■ 


-72 


-\' 


33 


+ • 


95 


+ • 


07 


+ • 


•58 


+ • 


41 


+ • 



53 
32 
27 
30 
21 
19, 

08 
04| 
16 
07 
061 
04' 



-•67 
+ 04 
+ 17 
+ 08 
+ •32 
+ •36 

+ •181 
+ •55' 
-52 
+ •24 
+ 34 
+ •55 



-•99 
-•48 
-•41 
-•46 
-•37 
--36 

+ -41 

+ •37 
+ •87 
+ -39: 
+ •36 
+ 37i 



+ 07 
+ 06 
+ 04 
+ 04 
+ 02 
+ 01 

-00 
-02 
-03 

-as 

-08 

-08 



04 
02 
02 
02 
00 
01 

02 
02 
04 
02 
02 
02 



66-93 
46-72 
26-31 
22-57 
2904 
53 93 

23 37 
39 25 
17 39 
5172, 
15-24! 
52-27 



16 28 12 
31 02 
37 42 
39 38 
47 45 
53 09 



-76 
•78 
44 
•59 
-00 
-87 



56 39 36 
17 04 55 12 
08 33 37 
11 07-73 
30 31 -18 
32 08 19 



-3 44 
43 
43 
43 
44 
44 

44 
44 
44 
43 
44 
44 



17 
94 
87 
1»8 
04 



^14 

- 09 

- 16 
05 

+ 01 



06 +03 



01 
13 
02 
99 
06 
08 



-02 
+ 10 
-01 
-04 

+ -o:< 

+ 05 



a=+''-607 c=+»-354 
Chronometer correction at 17*K)0™= -3»" 44»033±»017 



IZ 



REPORT OF THE CHIEF AtiTRONOMER 



177 



SESSIONAL PAPER No. 25b 



Station: Ottawa. 



PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 

Date, June 23rd, 1904. 



Olwerver: F. W. O. Wkrry. 
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56 47 49' 
14 01 48 40: 
0<) 02 91 
07 48 52! 

11 00 80 

12 46 53 

2:^ 17 40 
27 43 27 
36 14 78 
38 02 18 
41 25-77 
51 00.20 



46 
47 
46 
46 
46 
46 

47 
47 
46 
47 
47 
46 



8. 

961-03 
921-06 
11+13 
94-04 

97 -01 
89 -09 

98 00 

00+02 
07+09 
95-03 
03 +05 
07+09 
91 - -07 



a=+»-223 c=--09 
Chronometer correction at 14*' 25™= -3'° 46"-ii83+«014 



W 466. . 
201. . 
203... 
205... 
1206 .. 



r 



s 



21*. ..... •.••! 

215 1 

217. . . . . ' 

221 16 09 84 



15 04 08 
15 26 
24 41 
27 41 
31 17 

43 21 
46 34 
48 14 
61 18 



222. 



13 08 



92 
91 
10 
31 

88 

80 
84 
47 
23 
10 
58 



+ 
+ 
+ 
-f- 



-06 

08 

22 

-08 

-12 



< • 11 
+ 13 
+ 13 



57 



+ -21 
+ 10 



01 


+ ■ 


•01 


+ • 


<>5 


+ ■ 


01 


+ • 


•00 


+ • 


•02 


* 


01 


-- ■ 


•01 


— * 


-08 


— ■ 


•00 


— ■ 


02 


— • 



10 

11 

30 
11- 
11 

09 
10 

45 
13 
09 



+ •07 

+ -(mI 

+ •02 
+ 02 - 
+ 01 



01 
<)3 
(>3 
04 
08 

m 



02 
02 
05 
02 
02- 

01 
Oi' 
02 
07 
0: 
01 



I 
0912 
2711 
41 64 
41 49 
18 10 



21 

:m 

14 
18 
34 

08 



•78 
•81 

•44: 

32 

08 
•48 



15 00 21 
11 39- 
20 54 
23 54 
27 30 

39 34 
41 47 
44 27 
47 31 

16 06 46 
01» 21 



•83 


-3 47 29 


-u • 


•87 


24 


+ • 


47 


•17 


— • 


25 


24 


+ • 


•80 


-30 


+ • 


•61 


17 


.^ ' 


•60 


•21 




•29 


•15 


— 


•10 


22 


J- • 


89 


19 


— " 


34 


14 


— ' 



a=-''030 c-^--093 
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08 
03 
04 
03 
09 

04 
00 

01 
02 
07 



25b--12 
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5-6 EDWARD VII., A. 1906 



Station : Ottawa. 



PERSONAL EQUATION. 

TKANSIT OBSEKVATIONS. 

Date, June 23rd, 1904. 



Obeerver : Otto Klotz. 



S 



E 



W 



Star. 



183. 

184.. 

458.. 

185.. 

186.. 

188. 



191. 
192. 
194. 
196. 
197. 
198 



Transit 

over mean of 

threads. 



h. m. 



s. 



14 00 33 77 
05 35 71 
09 49 35 
11 34 71 
14 47 -W 
16 32-21 

27 03-85 
31 30 20 

40 01-39 

41 48 72 
45 12':« 
54 49 27 




R. A. 



St 

o o 
S 
O 



04.21 
30 15, 

01 53I 

49-12 
12-66 
47 09i 



h. IDi 8. 


m. 8. 


13 66 47-49 


-3 46 


14 01 48 40 




06 02 91 




07 48 52 




11 00 80 




12 45-53 


23 17-40 




27 43 27 




36 14 78 




38 02-18 




41 25 77 




51 00 20 





V. 



8. 



92 +05 



90 
84 
89i 



+ 03 
- 03 
+ 02 



94+07 
80 - 07 

84 - a3 

88 +01 
75; - 12 
94 +07 

89 +02 
89+02 



a=+«-755 c=+"027 
Chronometer correction at 14»» 25™ =-3™ 46»-872±"013 



w 


199 

465 

201 


15 02 08 65 
04 08-70 
15 26 88 
24 43 30 
27 41 20 
31 17-98 

43 21 14 
45 34 20 
48 13 87 
51 19 96 

16 13 07 91 


- 23 
-18 

- 20 

- 51 
-19 
-.23 

+ 11 
+ 12 
+ 13 
+ -55 
+ 09 


+ -09 
+ -29 
+ -20 
-1-23 

+ -27 
+ -08 

+ 52 
+ -42 
+ -40 

-218 
+ -62 


+ 02 
+ 02 
+ 02 


E 


203 

205 

aUv) 

212 


+ 05 
+ 02 
+ 02 

-02 




213 

^ID • • • . • •••*.. 

222 


-02 
-02 
-08 
-02 













+ 07| 

+ 07 

+ 04 

+ 02 

+ 02' 

+ 01 

-01 

-03: 

-03' 
-04 
-08, 



02 


08 


02 


08- 


•02 


26- 


•05 


41- 


02 


41 • 


02 


17- 


•01 


21 


02 


34 


•02 


14 • 


•07 


18- 


■01 


08- 



58 
88 
92 
58 
30; 
84 

73 
67 
33 
14 
51 



14 58 21-56 


-3 4702 


15 00 21-83 


05 


11 39-87 


06 


20 64 47 


-11 


23 54 25 


06 


27 30-80 


04 


39 34 61 


12 


41 47-60 


.07 


44 27-29 


04 


47 31 10 


-04 


16 09 21 34 


•17 



- a> 
-02 
-02 

+ 04 
-02 
-03 

+ 06 
03 
-OS 
-00 
+ 10 



o=+"-834 c=-"-016 
Chronometer correction at 16»» 30™= -3™ 47''073±"010 



IX 



REPORT OF THE CHIEF A^STRONOMER 



179 



SESSIONAL PAPER No. 25b 



Station : Ottawa. 



PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 

Date, June 24th, 1904. 



Observer : F. W. O. Werry. 



Star. 



E. 



W 



192. 

m. 

196. 
197. 
590. 
198. 



W 



465. 
201. 
467. 
202. 
206. 
206. 



212. 
213. 
215. 
217. 
597. 
232. 



a o 

Transit gs 
over mean of * ^ 
threads, t. ?.? 



I 



> 
1-^ 



« c^ 



h. m. H 

182 13 53 58 

183 14 00 37 

fl84. ; 05 89 

1458. ! 09 53 

185. : 11 38 

186 14 51 



31 33 

40 04 

41 52 
45 15 
49 2<J 
54 50 



65 
09 
18 
22 
66 
00 

55! 

91 

38 

97 

65 

50 



08 
05 
12 





• 




a 




c 


r^ 


*a 


-*> 


e8 


5 






s 


K 


o 


< 


O 


8. 


8. 



+ 07 

f 10 

•11 



02 + W» - 



02! 
01 i 

08 
00 
03 
03 
02 
09 



+ 12 
+ 11 



•09 
•09 
■21 
10 
OQ 
■09 




+ 04 +10 



4^ 07 
t 11 
+ 10 
+ 13 

-'27! 



+ 09 
+ 09 
+ 09 
+ 09 
+ 34 



— 


02 


58- 


— 


01 


37 


— 


04 


38^ 


— 


02 


53 


— 


02 


38 


— 


01 


51 


._ 


02 


33 


— 


02 


04 


— 


01 


52 


— 


02 


16 


— 


02 


26 


— 


06 


50' 



60; 

70: 

75' 
18 
68 
02 



58 

50' 
0(J 

35, 



13 50 08 
56 47 

14 01 48 

06 02 

07 48- 
11 00 

27 43 
36 14 
38 02 
41 25 
45 36 
.51 00' 



•44 


-3 50^ 16 


— ' 


•48 


22 


— * 


•36 


•89 


+ • 


90 


•28 


+ • 


51 


•17 


— • 


•80 


22 


— • 


26 


32 


+ • 


•78 


•18 


— ' 


17 


•83 


+ • 


•76 


•30 


+ • 


•38 


•39 


+ ■ 


•14 


•21 


— 



10 
04 
13 
02 

09 
04 

06 
08 
07 
04 
13 
05 



a=+«146 c--"088 

Chronometer correction at U^ 25™= -3™ 50" 266 ±"^ 016 



15 04 12 


25 


15 30 


25 


17 24 


26 


24 44 


19 


27 44 


58 


31 21 


36 


43 25 


15 


45 38 


15 


48 17 


85 


51 22 


22 


16 35 45 


46 


43 29 


■27 



-02 
-01 
•00 
•00 
•00 
•00 

+ 07 
+ 08 
+ 08 
+ •37 
+ 06 
+ 15 



+ 06 
+ 04 
-18 

+ a3 

+ 06 
+ 02 

+ 12 
+ 09 
+ 09 
-•48 
+ 15 
+ •^3 



+ 11 


+ 09 


-02 


12 


+ 10 


+ 07 


- 02 80 


+ 28 


+ 06 


-•04 24 


+ 11 


+ 04 


-02 


44 


+ 10 


+ 04 


-02 


44 


+ 11 


+ 03 


- 02 


21 • 


-09 


00 


-01 25^ 


-•09 


•00 


- 02, 38 


-09 


-01 


-02 17^ 


-•42 


-02 


-07 21 


- 09 


- 12 


-02 45^ 


- 11 


- 14 


-02 


29^ 



47 
43 
,33 
35 

76 
50 

24 
21 
90 
60 
44 
18 



15 00 2182 -3 50 
11 39 86 
13 3381 
20 .53 73 
23 54 24 
27 30 79 



39 34 61 
41 47 60 
44 27 28 

47 3ra3 

16 31 54 98 
39 3858 



65 +.16 
57 - -02 
52 -07 



62 
52 

71 



+ 03 
-02 
+ 17 



63+04 

61 +02 

62 +03 
57! -02 
46 - 13 
60 + 01 



a=+«184 c=-*087 

Chronometer correction at IS** 40"»- -3"* 50* 589+ "01 5 
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5-6 EDWARD VII., A. 1906 



Sution : Ottawa. 



B 

6 



E 



W 



Star. 



PERSONAL EQUATION. 
TRANSIT OBSERVATIONS. 

Date. June 24th, 1904. 



Observer: Otto Klotz. 



Transit 

over mean of 

threads. 



I t*-! 




c o 




• ^- 




>* 




T3- 




*c52 


• 

-5 




3 
S , 


y 


Azi 



182. 
183. 
184. 
458. 
185. 
186. 

192. 
lai. 
196. 
197. 
198. 
199. 



h. m. 8. 

13 53 58 05 

14 00 37 02 
05 38 911 
09 52 58 
11 37 99 
14 50 28 

31 33 29 

40 04 59 

41 61 87; 
45 15-551 
64 52 26 

15 02 11 92 



8. 


8. 


+ 16 


+ 39 


+ 13 


+ •57 


+ 44 


-•65 


+ •22 


+ •32 


+ 12 


+ 69 


+ 14 


+ 65 


-16 


+ •25 


-13 


+ •42 


-09 


+ 65 


-11 


+ •57 


-•47 


-151 


-19 


+ 09 





•02 


58- 


•01 


37 


•04 


38- 


02 


63 


02 


38 


•01 


51 


02 


33 


02 


04- 


01 


52^ 


•02 


16- 


•06 


50^ 


•02 


11 • 



59 
71 
58 
06 
75 
02 

42 

89 
44 
00 
36 
79 



R. A. 



o 

18 



I o 



h. m. 8. 



m. 8 



13 50 0844r3 50 
56 47481 

14 01 48 36 

06 02 90 

07 48 51 
11 0080 



27 43 26 
36 14 78 
38 0217 
41 25 76 
51 00 14 
58 21 55 



8. 



15 - 

23i + 
22^ + 
18i- 
24 + 
22 + 



16 
11 
27 
24 
22 
24 



+ 



I 



a = +»831 c=-"057 
Chronometer correction at U^ 25"= -3™ 50«-206±»011 



05 
02 
01 
03 
03 
01 

05 
10 
06 
03 
01 
03 



W 



£ 




15 04 11 
15 30 
17 25 
24 44 
27 44 
31 21 

43 24 
45 37 
48 17 
51 23 

16 35 44 



94 
12 
28 
02 
40 
19 

42 
46 
20 
00 
70 



43 28 68 



-10 


+ •30 


1 

+ •03 


+ 09 


-02 


12 24 


-11 


+ 21 


+ 04 


+ 07 


-02 


30 31 


-•24 


-m 


f + 08, 


+ 06 


-04 


24-28 


-12 


+ 15 


+ •041 


+ 04 


-02 


44 11 


-11 


+ •27 


+ 03 


+ 04 


-02 


44 61 


-13 


+ 09 


+ 04 


+ 03 


-02 


21 20 


+ 18 


+ •54 


- 03 


•00 


-01 


26 10 


+ •21 


+ •44 


- 03 


•00 


-02 


3806 


+ •21 


+ •41 


- 03 


- 01 


-02 


1776 


+ •93 


-2 25 


-16 


- 02 


-07 


21*44 


+ 13 


+ •72 


-03 


-12 


-02 


4538 


+ 29 


+ 12 


- 04 


- 14 


-02 


28-89 



15 00 21 
11 39 
13 33 
20 53 
23 54 
27 30 

39 34 
41 47 
44 27 
47 31 

16 31 54 
39 38 



•82 


-3 50-42 




86 


46 


+ • 


•81 


47 


+ • 


73 


38 


— ■ 


24 


-87 


— • 


•79 


41 


— • 


•61 


49 


+ • 


60 


•46 


-u • 


•28 


•48 


+ • 


03 


•41 


— • 


•98 


•40 


— " 


•58 


•31 


— ■ 



00 
03 
05 
04 
06 
01 

07 
04 
06 
01 
02 
11 



a=+"'858 c=-«030 
Chronometer correction at 15*' 40™= -3™ 60'*426±"012 
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PERSONAL EQUATION. 



Klotz— Werry. 



Date. 



Clock Correction. 



K-W 



Klotz. 



IIKM. 



June 22. 
.. 22 
.. 23 
.. 23. 

24. 

24 



m. 8. 



ft 
it 



3 43 
44 
46 
47 
50 
50 



•855 
033 
■872 
•073 
•206 
•426 



•016 

017 

•013 

010 

Oil 

•012 



Werry. 



m. 8. 

-3 43 <H»3 
44095 

46 983 

47 210 
50266 
50 589 



-h014 
± 016 
— 014 
-+=•012 

r:016 

+ 015 



8. 

+ 138 
+ 062 
+ 111 
+ 137 
+ 060 
+ 163 



8. 



8. 



Weighted mean +116 ±011 

Klotz transit west of Werry's + 008 

Klotz anticipates Werry 124 ±011 



DIFFERENCE OF LONGITimE. 

From the prece<liiij>: observations and their clock corrections combined with the 
times of exchanges we obtain the following differences of longitude between the succes- 
sive stations, and snbse<iiient final values. 

The Canadian longitude values are based on the longitude of 
Montreal 4''- 54'"- 18 •.634*«*-=±: •049'^- 

Ottawa was connected in 1896 with Montreal, the observers. Dr. King and Prof. 
McJjeod, exchanging stations and the value obtained 

Ottawa 5'»- 02"»- 50 •022'«^=b •049^''- 

In 1900 Vancouver was connected by a direct circuit of 3,000 miles with Ottawa. 
The observers. Dr. King and Dr. Klot^, exchanging stations also. 

Vancouver 8^- 12"- 28 •368'»^<^-=t -.OSO^**^- 

This last value is the initial one for the Transpacific longitudes. 



182 



DEPARTMENT OF THE INTERIOR 



IX 



DIFFERENCE OF LONGITUDE. 



VANCOUVER— FANNING. 



5-6 EDWARD VII., A. 1906 



' Sidereal Time. 



Date. 



1903. 
April 15 



Direction. 



Bam- I Van- 
field. I couver. 



h. m. i h. ID. 



B. toV 

V. to B 

Mean 12 14 79 12 12 

B. toV |12 48-7012 46 

V. toB |12 49 IK) 

Mean 12 49 30 

General Mean, 12 32 05 12 29 

12 28-56 



12 13-98il2 11 
12 15 59 12 13 



12 47 
12 47 





rate 
ur. 




Diflferenoe. 


« o 


1® 




Kelat 

per 


Eh 


h. m. 8. 


8. 


8. 



Chronomkter 
cjourection. 



Van- 
couver. 



Fanning. 



80-0 02 10 



41 
61 
50 
70 
10 
85 



Bam- 

field. 



B. toF 12 27 40 

F. toB 112 29-70 



Fan- 
ning. 



10 
02 10 
02 10 

10 
02 10 
02 10 



•586 
672 
629 
-771 
-891 
831 
730 



02 10-710 



9 5810 

10 00-40 

Mean !l2 28-55i 9 59 25; 

I i 



2 29 19 073 

19 771 

2 29 19-422 



039 



•066 



361' 



410 -341 



Difference 

from 

Bamfield 

Chronometer. 



m* 8. h. ni. 8. 



-47 253 



-0 02 57 963 



+ 1 16-780 



+ 2 28 (3 642 



Difference of longitude, Vancouver- Fanning. 



h. m. 8. 
+2 25 05-679 



* Note. — A8 explained in the text, Bamfield wa8 simply used as an exchange station and no observa- 
tions were made there. The exchange Bam field -Vancouver was over a land line, while Bamfield -Fanning 
was over the cable. The difference of the two exchanges Bamfield- Vancouver, made before and after the 
Fanning exchange, was reduced to the mean time of exchange with Fanning bj^ applying the rates of the 
Bamfield and Vancouver chronometers, the latter was known from the observations, while the former was 
obtained from the differential rate, shown by the two exchanges, and the Vancouver rate. 



Sidereal Time. 



Date. 



Direction. 



1903. 

L ril 16 B. to V 
V. toB 
Mean . . 
B. toV 
V. toB. 
Mean . . 



Bam- 
field. 



h. m- 



Van- 
couver. 

h. m. 



B. toF. 
F. toB 
I Mean. . 



12 42 33 

Bam- 
field. 



Fan- 
ning. 



12 41-25110 11 70 
12 43 4010 13 90 
12 42-3310 12 80 



Difference. 



h. m. 8. 



12 12-7812 10-46 
12 14 5012 12-301 
12 13 64il2 11 38 
12 50-5012 48 20| 
12 51-94il2 49-62 
12 51 22:12 48 91i 
General Mean 12 3243 12 30 15 



02 19 
19 
02 19 
02 19 
19 
02 19 
02 19 



029 
132 
•081 
211 
-310 
261 
171 



02 10 218 



2 29 29-688 

30 372 

2 29 30-030 



2 

IX. o 
OB S 



8. 



§ 

s ^ 
g-2 



047 



046 



•286, 



-419 



335 



Chronometer 
Correction. 



Van- 
couver. 

8. 



-45-624 



Fanning. 



Difference 

from 

Bamfield 

Chronometer . 



h. m. 8. 



-0 03 04 842 



+ 1 19 622; +2 28 10-4(»8 



Difference of longitude, Vancouver-Fanning. 



h. m. 8. 
-1-2 25 05-566 
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Dat«. 



Direction. 



11103. 



Sidereal Tims. 



Bam- 
iield. 



Vancou-t 
ver. i 



h. m. i h. in. 





S 


g 




2S 




Difference. 


5J 


'i » 




-1^ 


« a 




X 


H 


h. m. 8. 


H. 


8. 



April 18 B. to V ,12 13 

,V. toB 12 15 

iMean 12 14 

B. to V 112 45 

V. to B 12 47 

Mean 12 46 



General Mean 



12 :w 



60 

78 
85 
11 
48 
63 



12 11 40 
12 13 05 
12 12 23 



02 33 

33 

02 h 



12 43 30| 02 33 
12 44 55' 33 
12 43 n3 02 33 
12 2808 02 :« 

I 



5V7 

•677 
627 
•709 
•801 
•755 
691 



241 



12 36 55 02 33 714 



Bain- 
field. 



Fan- 
ning. 



B. toF -12 35 5010 0480' 2 30 48 373 

'F. toB 12 37 60 10 06 80 49 (»46| 

Mean 12 3655 10 05 80 2 30 48 710 



Chronometer 
corrhction. 



' vir i ^"""'"K- 



8. 



ni. 8. 



04: 



039 



-43 349 



434 329 



Different-© 

from 

Baniiield 

Chronometer. 



h. ni. 



s. 



-0 03 17 063 



+ 2 26102: +2 28 22608 



Difference of longitude, Vancouver-Fanning . 



h. m. 8, 
+2 26 05-546 



Date. 



Sidereal Time. 



Direction. 



Bam- VancoU" 
field. ver. 



Difference. 



s 

a; o 



c 
o 



Chronometer 
Correction. 



1903. 
April 23 



h. m. I h. m. I h. m. 



8. 



"Si! c S Vancou-I v^ 

-t 5. I g-^S ; „__ . Famung. 
p> ^ ! ver. 



Difference 

from 

BamBeld 

Chronometer. 



H. 



8. 



B. toV 12 28 

V. toB 12 30 

Mean 12 29 

B.toV 12 50 

V. to B 12 51 

12 61 
12 40 



Mean . , 

General Mean 



SM)12 25 70 03 11 * 
3012 27 10, 12 

6012 26 40' 03 11 
3012 47 10 03 12 



8. 



8. 



h. m. 



H. 



8012 48 60 12 

0512 47 86. 03 12 
3812 3713' 03 12 



912i 
027, 
970l 
025 
127, 
076- 
<)28 



054 



•048 



297! 



12 40'35| i as 12 023 



-34 .")41, I -003 46-564 



Bam- 
field. 



Fan- 

mug. 



B. toF 12 39 40|10 09 80' 2 29 37 974 

F. toB 12 41 30110 11 70i 38 682 

Mean 12 40 35 10 10 75 2 29 38 328 



386 348 



+ 46 272 +2 28 52 05 



Difference of longitude, Vancouver- Fanning 



h. m. 8. 
+ 2 2:> 05 -492 
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5-6 EDWARD VII., A. 1906 



Date. 



Direction. 



Sidereal Time. 



1903. 
April 26 



Bam- 
field. 



h. 



m. 



B. to V 13 05 

V. toB 13 07 

Mean |13 06 

B. to V 13 29 

V. toB 113 30 

Mean 13 30 

General Mean 13 18 



97 
30 
64 



Vancou- 
ver. 



h. 



in. 



13 02 
03 

13 03 
50|13 25 
90 27 



20 
42 



13 20 
13 14 



42 
74 
•08 
94 
•34 
•64 
•86 



13 1900 

Barn- 
field. 



Fan- 
ning. 



B. toF ,13 1800 10 47-90 



F. toB 113 2000 

Mean 13 1900 



10 49-90 
10 48 90 



Diflference. 



h. m. 

03 33 
33 
03 33 
03 38 
33 
03 33 
03 33 



040 

137 

089 

•157 

•228 

193 

•141 



03 33 143 



2 30 06 79S 

07-519 

2 30 07156 



S 



2S 

0; o 

> J 

•2 »- 

1^ 



8. 



o 

I* 
5** 



8. 



045 



• • • • 


032 


•265 




331 


357 


• • ■ 


« • • • 



Chronometer 
Correction. 


Difference 
from 


Vancou- 
ver. 


Fanning. 


Bam field 
Chronometer. 


8. 

-29 390 


8. 

+59140 


h. m. 8. 

-0 04 02 533 
+ 2 29 08 016 



Difference of longitude, Vancouver-Fanning. 



h. m. 8. 
+ 2 25 05 483 



Vancouver-Fanning. 



1903. 

April 15. .Difference of longitude. 
•t 16. . ti 

M 18. . II 

M 23. M 

•• 26. . 11 



h. m. 8. 



2 25 05 
5 
5 
o 
5 

2 25 05 



Weighted Mean 

Personal Equation - 

Difference of Longitude 22505 

Vancouver 81228 



Longitude of Fanning. 



679± 

566± 

545± 

492± 

483± 

530± 

124 

406± 

368+ 



10 37 83774± 



8. 

019 
016 
025 
010 
015 
021 

021 
050 
054 
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FANNING— SUVA. 



I>Ate. 



Direction. 



I 



1903. 

June 2, 3;K. to S.. 

|8. toF.. 

Mean. 



SlHEKEAL TiMK. 



Fanninfi^. 



h. 



111. 



3, 4 F. to S.. . 

S. to F.. . 

Mean.. 

8. F. to a. . 

8. to F.. . 
Mean.. 



.» 9, 10 F. toS. ... 

8. toF 

I Mean 

M 10, 11 F. toS 

S. toF 

Mean. 

II 1.5, 16.F. to S. . . . 

S. toF 

Mean 

M 21, 22.F. COS.. .. 
!S. toF. ... 



Mean. 



■• 



23,24F. toS 

8. to F. .... ■ 
Mean. . . . 



15 43 
15 45 
15 44 

15 41) 
15 51 
15 50 

15 56 
15 58 
15 57 

15 30 

15 38 

16 37 

16 05 
16 07 
16 06 

16 46 
16 48 
16 47 

16 47 
16 48 
16 48 

16 59 

17 01 
17 00 



9 
8 
85 



65 

4 
2 
3 

5 
5 



1 
6 
35 

1 
9 


9 I 

7 I 
8 



Diffeif'nce, 



Suva. 



•ft 

a - 



X 
X 

'5 



ClIHONOMETKR 
CORRKCTION. 



•r S. I S I Fanning Suva. 



h. m. h. ni. ». 



H. 



14 18 
14 20 
14 19 

14 24 
14 2<> 
14 25 

14 :n 

14 33 
14 32 

14 11 
14 U 
14 12 

14 40 
14 42 

14 41 

15 21 

15 24 

16 22 

15 22 
15 24 
15 23 

15 35 
15 37 
15 .36 




4 
2 

5 
4 
45 

6 
t 
65 

4 
2 
3 

6 
6 
6 

to 

.') 

75 

9 

7 
8 

8 
6 



1 25 29-641 

30 196 +007 
1 25 29-919 



1 25 24- my 

25 131 +008 
125 24 870 ... 



8. ! 

I 

I 
•281 



8. 



ni. 



Difference 

of 
Longitude. 



h. ni. 8. 



-14 333 



269 
.... -12-328 -3 31 132 



-3 28 085 1 28 43 671 



1 25 02 a-vi 

02-585+008 -280 
1 25 02 310 - 3 691 -3 J5124 



1 24 58-577i , 

69 157 +006 

1 24 58-8(57 1 



293 



2-541 



-3 47 425 



1 24 54-401 

54 %2 +m 
1 24 54 682 



284: 



1 24 34187 

M'lm +004 
1 24 34 477 




I- 926 -3 49 954! 



1 24 12 284 j I 

12-812+ -0041 -266 
1 24 12 548 1 



+ 6-716 



+ 14-836 



1 24 04*826' I 

05 400+006 -290 
1 24 05113 j + 17 842 

I I 



-4 02-519 



-4 16 -.375, 



4 20-767 



43 674 



43 -743 



43 751 



43-710 



43 712 



43-759 



43 722 



FANXlNli— SUV.V. 

1908, h. m. 8 

June 2, 3.. Difference of longitude 128 43 

3, 4 . . n 43 

8, 9.. .. 43 

9, 10.. .. 43 

10, 11.. .. 43 

16, 16 . . M 4ij 

21, 22.. M 43 

23, 24 . . .. 43 

Weighted mean 1 28 43 

Per(<onal equation + 

Difference of longitude 1 28 43 

Fanning 10 37 33 

Longitude of Suva - . . . . 12 06 17 

or east 1153 42 



•i 

M 
■ I 

• I 

• I 
II 
II 



8. 

671 ±016 
674+013 
743+019 
751 ±017 
710±014 
712±016 
-759±017 
722±-021 
•713±-008 
124 

837±.oas 

•774±-054 

611±-056 

-389+056 
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5-6 EDWARD VII., A. 1906 



Date 



Direction. 



1903. 
Aug. 



14 N. toS. 

S. toN. 

Mean. 



17 



N. toS. 

S. toN. 

Mean. 



19 N. toS.. 
S. toN.. 



Mean. 



22iN. toS 
|S. toN. 
Mean. 



23'N. toS. 

S. toN. 

Mean. 



Sidereal Time. 



Suva. Norfolk, 



h. 



m. 



27 N. toS. 
S. toN. 
Mean. 



19 15 7 
19 17 6 
19 16^6 

19 09^0 
19 11-0 
19 10 

19 14 8 
19 17 4 
19 16 1 

19 38-7 
19 40-7 

19 39-7 

20 03-8 
20 05-7 
20 04-75 

20 14 6 
20 16 5 
20 15 5 



h. 



m. 



18 34 
18 36 
18 35 

18 27 
18 29 
18 28 

18 33 
18 36 
18 35 

18 58 

19 00 

18 59 

19 23 
19 25 
19 24 

19 34 
19 36 
19 :i5 



Difference. 



8 
9 
85 



o 
2 

1 
1 
1 

3 
2 

25 

4 
4 
4 



5 

> 



b. m. 8. 

41 28261 

27 994 

41 28- 128 

41 09-356 

9 060 

41 09-208 

40 56 028 

55-767 

40 55-898 

40 38 245 

37*978 

40 38 112 

40 32 221 

31 951 

40 32086 

40 03-871 

03 581 

40 03.726 



8. 



O 43 



S 



8. 



+ 006 137 



+ 003i -149 



Chronometer 
Correction. 



Suva. 



8. 



+ 011 


•136 


+ 006 


137 


+ 008 


•139 


+ 009 

t • • • a 


-149 



-26 307 



-31 304 



-34 307 



Norfolk . 



m. 8. 



- 69 614 



-1 23 475 



-1 39 750 



DiflFerence 

of 
Longitude. 



-38-877 -2 02 145 



-40 377 -2 09 653 



-42 931 



2 40-528 



m. s. 



42 01 435 



01 379 



01-341 



01 380 



01 362 



01 323 



1903. 
Aug. 14. .Difference of longitude, 

M 17 . . " 

n 19.. 

22.. 
28.. 
27.. 



ScvA— Norfolk. 



II 



h. m. 8. 



II 



42 01 
01 
01 
01 
01 
01 



Weighted mean 42 01 

Personal equation - 

Difference of longitude 42 01 

Suva 11 53 42 

lx)ngitude of Norfolk 11 11 41146± 



435 ± 

379± 

341 ± 

380± 

362± 

323± 

367± 

124 

243± 

389+ 



017 
018 
019 
014 
024 
013 
Oil 

Oil 
055 
055 
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NORFOLK— SOUTHPORT. 



Date. I Direction. 



1903. 
Oct. 



IN. to S . 
S. to N . 
Mean 

3 N. to S . 

S. to X. 

Mean . 

IIN. to S . 

S. to N . 

Mean. 

12iN. to S . 
■S. to N . 
Mean . 

16 N. to S . 
S. to N. 
Mean . 



SiDKREAL TiMK. 



es 

h 



- Difference. * 



Norfolk. South i)ort 



c 

X 



5 ^ 



Chhonometkr 

CoilREtTION. 



& 



li. m. 



h. m. h. ni. 



23 21 4 I 22 23 3 
23 23-8 I 22 25 7 
23 22« 22 24 5 



22 541) 
22 56 5 

22 55 7 

23 20 i 
23 21 6 

23 20 8 



21 57 
21 58 6 I 

21 57 8 

22 22-4 I 
22 23 J»5, 
22 23181 



23 26 7 22 21) 2 

23 28 12 22.30-56 

23 27 41 22 29 88, 

23 34 5 22 37 3 

23 35 9 ' 22 38 7 

23 35 2 : 22 38 



i) 58 05 

05 

58 05 

57 55 

55 

57 55 

57 38 

38 

57 38 

57 33 

.33 

57 33 

57 13 

14 

57 14 




g-2 Norfolk. South port 



Difference 

of 
Longitude. 



1)81^ 

1651+ 006! 
074' 



m. 8. 



ni. 8. 



- 42 317, 48 083 



-1 54 651) -2 17 430 



-2 01 112 -2 29 084 



-2 27-886, -3 15 089' 



in. s. 



27:^3 - 23 174 58 01235 



01 194 



01 236 



01 232 



01-277 



1903. 


Oct. 


1. 


ti 


3 


ti 


11 


•t 


12. 




16 



Norfolk- Soi thport. 

h. m. 

. Difference of lonKJtudf 58 01 

II 

II 

Weighted Mean ......'....'.'.....'.".'.' .'." 05801 

Personal P^iuation ... + 

Difference of Longitude 58 01 

Norfolk 11 11 41 

Longitude of South|K)rt 10 13 .39 



8. 


H. 


235+ 


■018 


194+ 


019 


23<>+ 


013 


2:^2+ 


014 


277 ± 


013 


240+ 


008 


124 




364+ 


•003 


146+ 


056 


782+ 


■056 
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SOUTHPORT— SYDNEY. 















t 




0.™.™ 














^ 


COBRECTIOS. 


Eqcation. 


1' 




DirecCinu. 






"■ 


1 


South- m„j„„ 
p^rt. Sydney. 






SoQth- 

I»rt. 


Sydney 




K-R 


K-L 


im 


h. m. 


b. ui. 


h.m. . 




8. 1 m. B. ■ 


B. 


«. 




Sept. at 


3y. toS.. 


22 49-4 122 40 6 


0O8 60 


208 


-041 


-142| 1 S.S 










S. toSy., 


22 44 22 362 


43 


UK 














Mean.. 
■iy. lo.S.. 




850 
326 


o«i 

R87 






+ 0«6 8B 








m -. 


22 40 2 


22 30-8 


--(»0 


■137 
































22 37 9 


22 28-5 


9 25 






. . - 3S-1S1 


».= 


+ 067 




60 611 


„ 3 


Sy. toS.. 


22 62-42 


23 12-76 


i, 30 


IflK 


-042 


146, 


■«1 












22 4T-W 


22 38-2( 


















Menn . . 


22 60H 


22 40 4» 


9 3^ 


'Ml 






u. 


+ -06i 




60 552 




























23 11 1] 


23 00 95 


10 11 




-OCl 




























m 












aaoTM 


22 66-87 


10 11 


410 




.... -1 20-lMB 




-018 


50 444 
















■m' 


>%= 












23 05-6 


22 55-2^ 


21 


811 






|si 












23 03 3 


22 57-94 


10 21 


976 




,. ., -131^3 


+ ■067 




50-600 


u X 




23 22-15 


23 11-60 


10 33 


H21 


--(M8 


■hi! 


?=-5 


































Mean,. 


23 19-52 


23 08-96 


10 33-657 





'-1 43-281 


nX- 


f067 




'"■"" 



SoDTH PO HT^Sy UN EY. 



. .Diffennce of longiCiide. . 



Wei«:bl«d Menn 08 50- 

Southporl 10 L3 39- 
Ix>ngitude .jf Sydney 10 Ot 49- 



B13±-029 
611+024 
652±015 
444± 016 
600+013 
443+013 
496+016 

:82±-ose 

287± a58 
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SOFTTT P( )KT— HRl S BANE. 



Date. 



Direction. 



1903. 

Sept. 29 S. to 6 . 
B. to S . 
Mean . 

Oct. 2 S, to B . 
B. to S. 
Mean . 

3 8. to B . 

B. to S . 

Mean . 

6 8. to B . 

B. to S . 

Mean . 



S. to B 

B. to S 

Mean 



I 



Sidereal Time. 



Difference. 



South- 
IJort. 



b. 



m 



21 67 

22 02 

21 50 

22 07 
22 09 
22 08 

22 08 
22 10 
22 09 

22 20 
22 25 
22 23 



Brisbane. 



h. 



in 



63 
10 

87 

60 
30 
45 

30 
33 
32 

40 
78i 
09' 



21 55 
21 511 

21 57 

22 04 
22 06 
22 05 

22 05 
22 07 
22 0(J 

22 1(> 
22 22 
22 19 



22 3S m\ 22 21) 
22 36-60l 22 32 
22 35-23 22 31 



b. m. p. 



33 02 18 



80 
57 

6<l 
40 

5:^ 

15 
15 

15 

70 
03 
37 

92 
70 
31 



18 
2 18 

2 55 
55 

2 55 

3 Oi) 

9 
3 09 

3 44 

44 

3 44 

3 56 

56 

3 56 



Chronometek 

CoRREtTION. 




Difference 

of 
Longitude. 



8. 



8. ; m. 8. 



607 
609 
608 

699 
715 
707 

733 
763 
748, 

7% 
829; 
813' 

39<i 
4.^1 
414, 



031; neg. 



-016 



1 + 



•805 



017 OOOi 



•007 
... . - 48176 +479n3 



- 035 000 



019 008 



8. 



4-45726 



- 34 882 +47 2071 



-120 656. +60 637 



-131-328 +51-504 



m. 8. 



1 33 688 



33 6 



33 609 



33-520 



33 582 



South port-Brisbane. 

1903. b. m. 8 

September 29. . Difference of longitude 01 33 

October 2.. .. 

3. . •• 

6.. 

7.. 

Weigbted Mean 01 33 

PerRonal Equation + 

Difference of Longitude. 0133 

Southj)ort 10 13 39 

Longitude of Brisbanr ... 10 12 06 



•I 
If 
If 



M 



8. 

688+018 
618+015 
609±013 
.520± Oil 
582± 013 
685±018 
153+044 
738±047 
782±05(i 
044 ±073 
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NORFOLK— DOUBTLESS BAY. 



Date. 



1903. 
Dec. 6 



10 



11 



17 



18 



Direction. 



N. toD.B 

D. B. to N 

Mean . 

N. toD.B 

D.B. toN. 

Mean . 

N. to D.B. 

D.B. to N 

Mean . 

N. to D.B. 
D.B. to N 
Mean . . 

N. to D.B 

D.B. toX, 

Mean . 

N. to D.B 

D.B. to N 

Mean . 



Sidereal Time. 



Doubtless 
Bay. 



h. m. 



2 
2 
2 



23-7 
25 4 
24-55 



2 34-9 
2 36-4 
2 35-65 

2 351 
2 36-6 
2 35-85 

2 55 5 
2 57 1 

2 56 3 

3 15 8 
3 17 3 
3 16 55 

3 12 4 
3 13 8 
3 13 1 



Norfolk. 



Difference. 



h. m. 

2 01 
2 03 
2 02 

2 12 
2 13 
2 13 

2 12 
2 13 
2 13 

2 32 
2 34 
2 33 

2 52 
2 54 
2 53 

2 49 
2 60 
2 49 



5 
2 
35 

3 

8 
05 

4 
9 
15 

7 
3 



5 

25 


4 



h. m. 8. 



22 14 

14 

22 14 

22 37 

37 

22 37 

22 42 

42 

22 42 

22 47 
47 

22 47 

23 18 
18 

23 18 

23 21 

21 

23 21 



386 
256 
321 

132 
027 
080 

160 
101 
131 



2 

> 






o 

J 

tS a* 



S. 



-004 



- 005 



124 
018 
071 

872' 
738, 
805 



-003 



8. 



•067 



055 



- 004 032 



261 

131 .-005! 062 

191 



0021 054 



068 



Ghko.nometer 
corbection. 



Doubtless 
Bay. 



Norfolk. 



Difference 

of 
Longitude. 



va. 8. m. 8. 



- 17 342,- 18073 



-106-460- 44 627 



-118-274|- 51216 



-1 29 662, - 57-645, 



-2 39-5131-1 86-667 



2 50 020i-l 43 443 

i I 



m. 8. 



22 15 052 



15 147 



15 072 



15 074 



15 225 



15-228 



NORKOLK-DOUBTLESS BaY. 



1903. 

December 5. .Difference of longitude 
II 9. . II 



II 



II 



II 



10. 
11. 
17 
18. 



II 



II 



b. ni. 
22 15 



8. 



8. 



Weighted Mean 22 15 

Personal Eouation - 

Difference of Longitude 22 15 

Norfolk 11 11 41 

Longitude of Doubtless Bay 113356 



052±-020 

147± 020 

072+014 

074± 016 

225±-020 

228±017 

124±021 

124 

000± 021 

146±-056 

146+060 
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DOUBTLESS BAY— WELLINGTON. 



Date. 



Direction. 



1903. 
Dec. 



It 



II 



II 



It 



n 



12 



17 



W. to D.B. 

D.B. to W. 

Mean . .. 

W. to D.B. 

D.B. to W 

Mean .. 

W. to D.B 

D.B. to W 

Mean 

W. to D.B 

D.B. toW 

Mean. . 

W. to D.B 

D.B. to W 

Mean. . 



18 W. to D.B 
D.B. to W 
Mean . 



SiDEHEAL Time. 



Difference. 



Welling- DoubtleHB 
ton. Bay. 



> 





h. 


m. 


. 8 


20- 


. 2 


44 


. 3 


02- 


. 3 


27- 




3 


16 


. 3 


21 




3 


31 




3 


2S 




3 


27 




3 


41 




4 


01- 




3 


61 




4 


05 




4 


2() 




4 


16 


. 3 


52 


. 3 


42 




3 


47 



h. m 



67 
47 
57 

24 
17 
70 

66 
3»i 
53 



65 

70 
16 
93 

85 



2o; 

53! 



8 15 

2 30 

2 57 

3 22 
3 11 
3 17 

3 28 

3 19 

3 23 



96 
74 

85' 

77 
70 

23; 

02 
76 
89 

32 
18 
25 

27 
73 
50 

61 
95 
3 45 28 



72 3 38 

58 3 58 



3 48 

4 03 
4 23 
4 13 

3 50 

3 39 



h. in. 8. 



H. 



04 42 

43 

4 42 

4 28 

28 

4 28 

3 38 

38 

3 38 

3 24 

24 

3 24 



2 25 

25 

2 25 



2 14 

14 

2 14 



655 +347 

039 

847^ 



059U •09<> 

191 

125 .. . . 

167,+ 076 
296 
232i . . . 



142 
018 
080 



+ 



720 + 
659 
690 .. 

365 + 
428 
397 .. 



171 
144 

• • 

083 



I Chronometer 
; Correction. Difference 

g ^. ' of 

gl ' Welling- ' Doubtless ;^"*?**^^® 
,*- ■** ton. Bay. 



B 
O 



8. 

0191 



018 



026 



024 
041 

• • • 

010 



s. 



-5189 



m. 8. 



m. 8. 



31 573 5 09 231 



-3 180, -44 255 09200 



+ 1119;-1 29 874: 09226 



+ 3-530 



+3 702 



+ 4 582 



1 41-546 09-166 



-2 39-818 09-210 



-2 50 220, 09 199 



DoruTLKSs Bay— Wellington. 



b. m. 



Dec. 6. . Difference of longitude 05 09 

7.. 
11.. 



II 
II 



II 



12.. 
17 . 

18.. 



a5 09 



Weighted mean . . . . 

Personal equation 

Difference of longitude 05 08 

Doubtle«8 Bav 11 33 56 

Wellington .* 11 39 05 



8. 8. 

231±027 
200+018 
225±032 
1.56±-021 
210±-032 
l<*yrh-020 
198+007 
267 ±045 
941 ±045 
146±060 
087±-075 
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CLOSING ERRORS. 

Fanning, — Reducing the longitude given on Admiralty Chart 2971, for * Observa- 
tion Spot ' at English ITarbour, by scaling to that of the observatory we obtain for 
the latter: — 

159° 23' 27" 
The Canadian value is 159° 23' 26'' -61 

that is, the values are practically identical, which speaks volumes for the accuracy of 
the hydrographic survey, which is principally dependent upon the transport of chrono- 
meters for the determination of longitude. 

Captain Fanning writes, p. 225, in the work cited, * These islands are situate in 
latitude 3° 51' 30" north, longitude 159° 12' 30" west.' The description is rather 
vague, but the position in longitude by a trading vessel, as Fanning's was, is pretty 
good for the year 1798. 

Suva. — On Admiralty Chart 1660 of Suva Harbour, the longitude of ' Observa- 
tion Spot,' south end of Walou bridge, is given as 178° 26' 00" E. ; the observatory 
at the Cable station is 14":21 west thereof, so that the longitude of the latter, based 
on the former becomes: — 

178° 25' 45" -79 E. 
The Canadian value is 178° 25' 35" -84 



Difference ... 9" -95 = •663«'*^- or 960 feet = 320 yards. 

It may be interesting here to quote a paragraph of the opening address by the 
late Rear-Admirah Sir W. J. L. Wharton, president of Section E., Geography, at the 
British Association meeting in South Africa last August. After speaking of the great 
merit of the sextant and chronometer for the determination of longitude at sea, he 
says : ' To give an idea of the comparative accuracy of the chronometer (transport of) 
method, I may mention that in taking at hazard eleven places distributed all over the 
world at great distances from England, the longitudes of which have been recently 
determined by means of the electric telegraph and elaborate series of observations, I 
find that the average difference between the chronometer and the telegraphic positions 
is 700 yards.' — So that the accordance at Suva is quite satisfactory. 

Norfolk. — On Admiralty Chart 1110, * Norfolk and Philip Islands ' the longitude 
of ' Observation Spot ' at the foot of Boat Harbour, Sydney Bay, is given as 167° 58' 
06". Reducing this to the position, by scaling from the chart of the observatory at 
the Cable station, Anson Bay, at the northwestern part of the island we obtain for 
the longitude of the observatory : — 

167° 55' 47" 
The Canadian value is 167° 55' 17" -19 



Difference 29" -81 = 1 •99«^ 

This is undoubtedly a large difference. The Admiralty determination is an old 
one, having been made by Captain Denham, R.N., in 1855, and measured through Lord 
Howe island from Garden island, Sydney, the latter being then not well determined. 

Southport. — Southport, Queensland, is undoubtedly of the three Australian longi- 
tudes obtained by the Canadian connection, the best determined. In the first place 
the other two Australian stations — Sydney and Brisbane — are dependent upon it, and 
hence must necessarily have less weight, being an additional link in the chain; in 
the next place the personal equation is more thoroughly and satisfactorily eliminate<l 
for Southport than for the other two stations. As already stated the number of sta- 
tions across the Pacific is an odd number — five — and as the observers occupied alter- 
nate stations from Vancouver to Southport, the personal equation even as an unknown 
quantity, which it is not, disappears in the value for Southport. And furthermore, 
the longitude work up to Southport (and Doubtless Bay also) was homogeneous in 
every respect, the instruments, apparatus, methods of the two observers were identical, 
so that the value for Southport deserves a priori a high degree of confidence. 
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There is however, no value for Southport, based by triangulation on the Bris- 
bane longitude, available for comparison with the Canadian value. A comparison 
with Australian values we obtain, however, at Sydney and at Brisbane. 

Sydney. — We have for Sydney, six independent determinations for difference of 
lon«^tude with Southi)ort, together with observations for personal equation between 
the observers, Mr. Lenehan and Mr. Raymond at Sydney, and Dr. Klotz at Southport. 

In the following table is given the comparison between the longitude of Sydney 
as bTought from Madras and Singapore and that via Canada and the British Pacific 
Cable. 

In the reduction (1885) of the Australian longitudes, the longitude of Madras was 
accepted as : — 

6^. 20°>- 69» 42,* 
and the derived value of Sydney was: — 

IQh. Q4in. 49. .54^ 

In making the comparison, the best and most recent available data are utilized for 
the longitude of Madras. The values for the various links or arcs between Madras 
and Sydney have not been re-determined since 1882-84, so that they will be adopted 
now as then. 

For arriving at the longitude of Madras, we have the following data : — 



Arc 



Greenwich — Potsdani . . . 

Potudam — Tehran 

Tehran — Bunhire 

Rushire — Karachi ... , 

Karachi — Bfimbay 

Komlny — Bolanim 

Bolamm — Madras 



Difference 

()f 
Lonpritndo. 

h. in. 8. 

52 ir> 051 

2 3.? 21228 j 

02 21 443 

1 04 44-787 I 
23 12 19f) ' 
22 48 801 

00 54 015 



I Prol>ahle 
Error. 



8. 

±0030 
± <XHW 

±■008:1 

±0073 
±0121) 
± OnOl 
±0085 



Authority. 



Pniffssor Albrwht.* 
Major Jiurrard.2 



I 



Stiition. 



Jjon^itude 
East. 



h. ni. 



8. 



Potsdam 52 10 051 

Tehran. 3 25 40 27U 

Bu»hire 3 23 18^30 

Karachi 4 28 O*;} 023 

Bombay , 4 51 15 810 

Bolamm 5 14 04020 

Madras 5 20 50-235 



l*roliable 
Error. 



± 
± 
± 
± 
± 
+ 



-0030 

0^)74 

OIU 

•01.33 

•0185 



+ 0213 



* Report on the Telegraphic Determination of Australian longitudes, 1880, p. ol 
> Befltimmung der L&gendifferenz Pot8dani-(vreenwich, 1(K)3. 

* Great Trigonometrical Survey of India, Vol. XVII, p. XIV. 
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Applying now the published values for the area between Madras and Sydney, we 
obtain the following series: — 



Arr. 



Difference 

of 
Lon^i^itude. 



Madras 

Madras— Siiifira]K)re 

Singapore — Flagstafif 

FlagstaflF— Capt. Darwin's Station. 

Capt. Darwin 8 Station 

Darwin's Station— Poi t Darwin . . 

Port Darwin 

Port Darwin —Adelaide 

Adelaide 

Adelaide— Melbourne 

Melbourne 

Melbourne— Sydney 

Sydney 

Canadian value 

••Difference . . 



h. m. 8. 

5 20 59 235 

1 "^ 25 58 

-0 00 01 50 

+ 00 01-51 

C 55 24 825 

1 47 57 4« 

8 43 22 305 
30 57 81 

9 11 20 115 
25 33-84 
9 39 53-955 
24 55-40 

10 04 49 355 

10 04 49 287 

0<i8 

= 1".02 

= 81 feet. 



tPiobable 
Error. 



8. 



±0213 
±0270 



Authority. 



+ • 


0314 


+ 


0310 


+ 


04G3 


+ 


0277 


+ 


0540 


+ 


0337 


+ 


0636 


+ 


0614 


+ 


0884 


+ 


ubS 



Davis and Norris (U.S. 
Navy).* 



f The probable errors g^ven for difference of longitude are taken from Apiiendix, Table T, p. 23 of P. 
Baracchi's report ' On the most Probable Value and Errors of Australian Longitudes,' 1895. 

* Telegraphic Determination of Longitude in the East Indies, China and Japan, 1881-2. 

** Since tne above result was obtained, Astronomische Nachrichten, No. 3993, has appeared, containing 
' Ausgleichung des Zentraleuropaiscben Langennetzes ' by Professor Th. Albrecht. The adjustment of 
the net involved 176 differences of loncritude between 79 stations. In the final values Potsdam is given as 
52™ 16"062±";0135 for the same meridian as given in the above table as 52™ 16«-051±"'003. That is, the 
adjusted longitude of Potsdam is ^eater than the direct measure of Prof. Albrecht and Mr. Wanach in 
1903 by 'Oil. If we adopt the adjusted value for Potsdam, the longitude of Madras will be increased by 
■ Oil, that is, becomes 5^' 20™ 59--246, and similarly that of Sydney, 10»» 04™ 49»'366. Differing from the 
Canadian value by "-079. 

In the above-mentioned Astron. Nach. pp. 153-154, are given the results of the 1902 campaign for the arc 
Greenwich-Paris. The two Greenwich observers (with exchange of stations for eliminating personal equa- 
tion) obtained the value of 9™ 20-976"«'±011»«' in the spring, and in the autumn 9™ 20-911»«^± OOt"*^, 
giving a difference of -OGS*** between the two independent determinations. Similarly the French observers 
obtained the values of 9™ 20-932'«« and 9™ 21029«»«, showing a difference of •097"**. 



That is, the first girdle of the world closed within 84 feet. Apparently the weak- 
est link in the girdle is the arc, Madras- Singapore, since no observations for personal 
equation were made at the time by Lieut. Commander C. H. Davis and Lieut. S. A. 
Norris, the observers respectively at Madras and Singapore. 

However in the United States Navy Keport quoted, Lieut. Conmiander F. M. 
Qreen says, p. 18, ' By means of the repeated use of the personal equation machine of 
Professor Eastman, at the Naval Observatory, it was found that the habitual errors 
of the observers engaged in this measurement had all the same sign; that is, they 
habitually observed the transit of a star a few hundredths of a second after its occur- 
rence, but their respective differences were so small that it seemed evident that to 
introduce results so minute as corrections would not increase the trustworthiness of 
the result.' 

This is importnnt testimony and written at the time with reference to the Madras- 
Singapore arc. If it docs not wholly dispose of the differential personal equation 
involved, it gives assurance of its very small magnitude. 

In Mr. Barrachi's report quoted, he is slightly in error when speaking of the above 
arc ; he says : * Their personal equation was continuously tested by absolute personal 
equation instruments, each observer being provided with one.' 

The difference of longitude Madras- Singapore as determined by Davis and 
Norris was, after due consideration and discussion, accepted by the Australian astrono- 
mers — Ellery, Todd and Russell — for the determination of Australian longitudes. 
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Brisbane, — The xwsition of the observatory here is given in the Nautical Ahnanac 
as lO**' 12"* 06 •40*®*^* The derivation of this value becomes apparent from the following 
extract from the Annual Report of the Department of Public Lands for the year 
1891, Queensland. 

Under sub-division * Trigonometrical Survey ' the Surveyor General under date of 
April 8, 1892, p. 10, says : ^ Additional care was bestowed upon the determination of 
Burketown, as opportunity was taken there, with the kind permission of Mr. Russell, 
the Government Astronomer of New South Wales, of bringing Sydney Observatory 
into the telegraphic circuit, and of thus determining, not only the longitude of Burke- 
town, but the difference of longitude between Sydney and Brisbane, both by direct 
and indirect means. The results so obtained, together with a previous determination 
made in 1884, and a subsequent one in the present year, have been investigated both 
by Mr. Russell and ourselves, and are as follows: — 

1884 7 * 16 -81 diff. Brisbane-Sydney. 

1891 7 16-87 

1891 7 16-88 

1892 7 16-88 

* Considering that different observers and different methods were employed upon 
these determinations, the resulting mean of 7™* 16 -86"**' must be looked upon as pos- 
sessing a very high degree of accuracy, and as Brisbane is on the initial meridian from 
which all our differences of longitude have been reckoned, the result is very gratifying. 
Assuming the longitude of Sydney Observatory to be 10^- 4™- 49-64*®*^, and the differ- 
ence of longitude between Sydney and Brisbane observations to be 7™- 16 •86"®*^', the 
resulting longitude of Brisbane Observatory is 10**- 12"- 6 •40***- ' 

Through the longitude determinations of Professor Albrecht and Major Burrard, 
Madras has suffered a correction of --186*^*^, as already shown. Hence the value 
of Brisbane, dependent upon Madras and Sydney becomes: — 

IQh. 12"- 06« -216 
The Canadian value is 10^- 12™- 06«-044 



Difference • 171 :: i2'' -665 = 231 feet. 

Taking the Canadian values for Sydney and Brisbane we find the difference of 
longitude between these two places : — 

V^ 16«-767 
While the Australian value is V^ 16»-86 



Difference "-lOS 

It must be remarked that the above comparison is not quite as satisfactory as 
desired, on account of the value of the differential personal equation obtained three 
weeks after the longitude campaign. 

Mr. T. D. Fraser laboured considerably under a mental and physical strain, on 
account of very serious illness in his family during the observations. He obtained 
little rest during the 24 hours for several weeks, and was conscious when observing 
that he was not in normal condition. He gave little weight to his observations at 
Southport, although when computed the probable error of the time determination was 
satisfactory, =tz-014'^, the same as that for his Brisbane observations. 

A chain of triangles extends southward from Brisbane to the vicinity of South- 
port, some fifty miles, so that it will be easy to effect a geodetic connection between 
the observation stations at Brisbane and Southport, and free from any uncertainty in 
the differential personal equation. 

Doubtless Bay, — The connection between the observatory at the Cable station and 
the trigonometrical survey of New Zealand was made by Government Surveyor Vin- 



196 DEPARTMENT OF THE INTERIOR ix 

5-6 EDWARD Vll., A. 1906 

cent J. Blake, under instructions of the Surveyor Qeneral. The triangulation was 
extended from Station 20 on the west side of the mouth of Mangonui river westward 
about two and a half miles to Station A (the magn^etic station), and thence to the near- 
by observatory. 

The geographic position of station 20 was furnished by Mr. J. W. A. Marchant. 
Surveyor General. 

We have then: — 

Longitude Station 20 . . . . 173^ 31' 37'' -1 

Station 20— Sta. A - 2^ 24" -1 

Station A 173^ 29' 13" -0 

Sta. A— Observatory. . .. - 3" -66 

Observatory 173^ 29' 09" -34 

= ll»»- 33"^ 66-623"^ 
Canadian value is 11*»* 33°^- 66-146"«^ 

DifFerence = •477"««' = 7" -16 = 696 feet. 

It may be remarked that the position of Station 20 is dependent upon the initial 
station, Mt. Cook at Wellington, through a chain of triangles about seven hundred 
miles long. From the roughness of the country it was expedient to carry on a network 
of triangulation for land survey and settlement purposes, and the refinements of a 
primary triangulation were not aimed at. 

In the closing for Wellington it will be found that the difference is •038'^ or 
"•57, and of the same sign as the above, making thereby the difference between the 
telegraphic determination Wellington-Doubtless Bay, and the one obtained by tri- 
angulation •439'*^, equivalent to 549 feet at the latitude of Doubtless Bay. 

What was said with reference to Southport of the relative value of the longitude 
determination there, is equally applicable to Doubtless Bay, as the latter station 
occupies the same position in the series of stations with reference to personal equation 
as does the former. 

Wellington, — The derivation of the value for the longitude of the Wellington 
Observatory has already been shown as: — 

11^- 39"- 05 •31"«- 

This requires the correction of - •185*®*^, the same as applied to Sydney for the adopted 
value of Madras, dependent upon the work of Prof. Albrecht and Major Burrard. 
We have then for the value of Wellington via Madras and Sydney: — 

11»»- 39"^ 05 •125«^ 
Canadian value is 11*»- 39°»- 06-087"*«- 



Difference •038»~- = "-57 

It will be noticed that the difference between the closing at Sydney and at Well- 
ington is •030'®®-, the Canadian values being in each case less than the ones via Madras. 
This quantity, 'OSQ^^, apparently represents the accordance between the direct deter- 
mination of the Sydney- Wellington arc in 1883 and the indirect one via Southport 
anJ Doubtless Bay in 1903. 

Although observations were made for personal equation by the two observers, yet 
the conditions under which they were made were not the most favourable. It was im- 
practicable to mount the portable transit at the Wellington observatory, so that the ob- 
servations were all made with the Wellington instrument, Mr. T. King observing by *eye 
and ear,' as is his custom, and Dr. Klotz recorded, as is his custom, electrically, in this 
case, however, with a specially made make-circuit key for embossing, by means of 
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the style, the paper fillet of the Morse register — the chronograph of the Wellington 
observatory. Retardation and parallax of the two styles of the register — the one foT 
the clock and the other for the transits — were carefully determined and applied. 

FINAL LONGITUDE VALUES. 



Station. 



Vancouver . . 
Fanning. ... . 

Suva 

Norfolk 

South port. 

Sydney 

BrvbMie . . 

Doubtless Bay . 
Wellington 



Longitude. 



Time. 



Probable 
Error. 



h. 



ui. 



8. 



« 


12 


10 


37 


11 


na 


11 


11 


10 


18 


10 


04 


10 


12 


11 


:« 


11 


3U 



28 
33 
42 
41 
39 
40 
OCt 
56 
05 



STiK 

I i-i 

380 
140 
782 
287 
044 
140 
087 



R. 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

±075 



050 
054 
055 
055 
050 
058 
073 
060 



I 





Arc. 




Pntbable 








En or. 


c 


/ 


// 


// 


123 


07 


05 520 W 


± -75 


150 


23 


26 


610 W 


+ -81 


178 


25 


.% 


8:^5 E 


+ -82 


167 


55 


17 


190 E 


+ -82 


153 


24 


5<> 


730 E 


+ -84 


151 


12 


19 


305 E 


± -87 


163 


01 


30 


660E 


+ 109 


173 


29 


02 


190 E 


+ -90 


174 


46 


16 305 E 


+ 112 



25b— 14 



Klotx— Transpicific Longitudes. 
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Fig. 4.-SoiiTidt.T for Cluck Cable I 
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